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Merck Antibiotics... 
A Roll Call of Effective Uses 


MERCK ANTIBIOTICS— with their clinical efficacy firmly 


established in a wide range of infections—are indispensable 
tools of modern therapy. As a pioneer and leading producer 
in this field. Merck has developed antibiotics of unexcelled 
purity. The superior qualities of these products have served 


to increase and extend the usefulness of antibiotic therapy. 


Below is a partial list of the many condi- 
tions in which these products may be 
indicated, The symbols D, P, and S are 
used to designate the antibiotics which are 
likely to be useful in most cases of the 
conditions specified. The particular agent 
to be employed will, of course, depend 
upon the nature of the disease process and 


the specific susceptibility of the infecting 
micro-organism, 
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Isolation and Cultivation 


of BRUCELLA 


Preliminary Enrichment 


Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For iso- 
lation from samples of infected milk no enrichment is 
required. 


Isolation of Strains 


After enrichment, the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incu- 
bated at 37°C. Milk samples are streaked on plates of 
Bacto-Tryptose Agar prepared with crystal violet to in- 
hibit the streptococci and other Gram-positive organisms. 


Differentiation of Types 


Bacto-Tryptose Agar to which thionin or basic fuchsin 
has been added is recommended for the differentiation of 
newly isolated strains of Brucella. 


Mass Cultivation 


Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all 
Brucella. It is an excellent medium for mass cultivation 
of the organisms for preparation of bacterial vaccines or 
antigens. 
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the veterinarian, from beginning 
student to long-established practi- 
tioner. Each kit is fitted with high- 
quality. stainless steel and plated 
Adams instruments. including Stand- 
ard replaceable blade scalpels. All 
sets come in an olive drab. heavy 
army duck instrument roll with ad- 
justable loops and an end pocket for 


instruments. 


4-202— Student Veterinary Anatomy 


Set. contains 7 basic instruments. 
blades and oil stone. 

\-203—Small Animal Operating Kit, 
contains 5 instruments, Luer syringe 
and needles. blades and gloves. 

\-207— Veterinary Practitioner's Kit 
(illustrated) contains 15 instruments 
and assorted blades. 
\-208-——Veterinary Minor Operating 
Set. contains 10 instruments, Luer 
svringe and needles, gloves. 


Individual sets will be made up to your 
specifications. Write today for com- 
plete details. 


Order from your supply dealer. 


CLay-ApAMsS COMPANY, INC. 


Showrooms cise of 308 West Wesbington Street, CHICAGO 


141 EAST 25th STREET NEW YORK 10 eS 


| 
| | 
| 
— | 


American Journal of Veterinary Research 


Copyricut 1951 py 


AMERICAN VETERINARY 


Mepicat ASSOCIATION 


VOL. XII 


JANUARY, 1951 


No. 42 


Pathology of Necrobacillosis of the Bovine Foot 


JEAN C. FLINT, M.S., D.V.M., and RUE JENSEN, M.S., D.V.M. 


Fort Collins, Colorado 


in all 
occa- 


DISEASES OF THE foot are common 
breeds of cattle. Economic loss 
sioned by reducing production of milk in 
dairy cattle and by diminishing rates of 
weight gain in beef animals. In addition, 
breeding efficiency is lowered in both male 
and female cattle. Some animals die because 
of infections in the feet and complications. 
The total monetary loss is not known but it 
is doubtlessly high. 

Little is known of the exact pathologic 
changes found in the bovine foot, especially 
of internal lesions. Specific gross and his- 
tologic characteristics of necrobacillosis 
have not been defined. Confusion also exists 
in terminology, as is indicated by the mul- 
tiple terms employed to designate a non- 
specific infection of the bovine foot. 

This study was conducted with the fol- 
lowing objectives: (1) to classify natural 
affections of the foot on the basis of path- 
ologic changes; (2) to define necrobacillosis 
of the bovine foot, and (3) to determine the 
route of infection of necrobacillosis. 


is 


REVIEW OF LITERATURE 


As early as 1898, Moore” reported isolation 
of Streptococci from the feet of cattle affected 
with panaritium. He also indicated that the 
disease appeared to be contagious and that it 


A portion of the data contained in this paper 
Was submitted to the Graduate School, Colorado 
A, & M. College, in partial fulfillment of the require 
ments for the degree of master of in 
veterinary pathology by Dr. Flint. 
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tion, Colorado A. & M. College, Fort Collins 
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Neb., and Dr. Gene Metz. Brush, Colo Dr. H. W 
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surgical skill 
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was known locally foot rot. Mohler and 
Washburn,'' in 1905, announced that foot rot 
in sheep and reindeer was caused by the bacil- 
lus of necrosis. No mention was made of the 
disease in cattle. Goldberg,” in 1922, and 
Hagan,’ in 1947, indicated that foot rot in cat- 
tle was caused by Actinomyces necrophorus. 
Scales,” in 1940, expressed an opinion that 
foot rot is caused initially by a filterable virus 
and that A. necrophorus is a secondary in- 
vader. McIntosh,’ Frank,’ and Runnels,'' con- 
curred that A. necrophorus is a saprophyte 
which becomes pathogenic upon entrance into 
tissue. 

Based on clinical observations, some authors 
have incriminated predisposing factors. Frank‘ 
believed that mud and soft manure macerated 
the feet, predisposing to infection. Johnson‘ 
indicated that in California the incidence of 
foot rot was high and that mud fever was a 
local designation for the disease. In contrast, 
Roberts” believed that hard objects, such as 
small stones, contused the tissues, enabling A. 
necrophorus to establish infection. Dykstra 
and Ferguson’ pointed out that the anatomic 
peculiarity of the cloven hoof predisposes to 
contusion by permitting small stones to lodge 
between the toes. 

Gibbons,’ in 1939, classified foot rot into 
three types, “a necrotic inflammation localizing 
between the toes, a necrotic dermatitis affect- 
ing skin above the claws, and a cellulitis or 
phlegmon without localization.” Kingman and 
Stansbury” referred to a type of foot rot as 
interdigital phlegmon, in 1944. On the basis 
of clinical observations, Forman,* in 1947, 
classified foot rot into six types which include 
a variety of foot lesions. 


as 


MATERIALS AND METHODS 


This study was conducted in two phases: (1) 
survey of naturally diseased feet to determine 
a classification of natural lesions, and (2) ex- 
perimental inoculation of A. necrophorus into 
the common digital artery to determine the 
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nature of foot lesions resulting from a hemato- 
genic infection of A. necrophorus. 

Survey of Naturally Diseased Feet.—Dis- 
eased feet were collected from cattle after 
autopsy at the Veterinary Hospital, Colorado 
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Fig. I—Lateral aspect of a bovine foot, showing 
schematically frontal gross sections into which foot was 
sawed. 


A. & M. College, from cattle autopsied in the 
field for practitioners, and from cattle submit- 
ted for slaughter at meat-packing establish- 
ments inspected by the U. S. Bureau of Animal 
Industry at Denver, Colo., and Omaha, Neb. 
Collection of the feet was conducted throughout 
the spring, summer, and fall of 1949. Breed, 
age, sex, and clinical histories were not known 
of animals slaughtered at meat-packing estab- 
lishments, but were ascertained for animals 
obtained from other sources. The feet were 
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processed and studied in a manner to be pre- 
sented under a later subheading of this paper. 

Experimental Inoculation of Actinomyces 
Necrophorus into the Common Digital Artery. 
—Cattle—Eight calves of dairy breeds, ap- 
proximately 6 months of age, were purchased 
from a sales yard. They were maintained on a 
ration of good alfalfa hay in a common pen, 
well-drained and dry, without access to shel- 
ter both before and after inoculation. These 
were arranged to form pairs. The members 
of a single pair were given simultameous and 
identical treatment and management. For sev- 
eral days prior to inoculation and at daily 
intervals following inoculation, clinical obser- 
vations were made. Autopsy was performed 
at varying intervals following inoculation. 
Both normal and inoculated feet were studied. 

Inoculum.—A pure culture of A. necrophorus 
was isolated from a bovine liver abscess. It 
was propagated on a medium composed of 
bovine liver broth and ground bovine brain. 
The inoculum consisted of 0.1 to 0.2 ml. of the 
fluid portion of the medium inoculated twenty- 
four hours previously. Because of tiny par- 
ticles of solid medium dispersed throughout 
the liquid, it was impossible to standardize the 
inoculum as to number of organisms. In all 
cases, the 24-hour culture showed on smear a 
heavy growth of filamentous, gram-negative 
organisms. Unused portions of the inoculum 
were checked for viability after the intra- 
arterial inoculation. 

Operation.—Inoculation of the left common 
digital artery was performed with the animal 
restrained in left lateral recumbency. Anes- 
thesia was obtained locally with procaine. 
Aseptic methods were employed. The incision, 
approximately 2 in. in length, was made over 
the left common digital artery at the proximal 
fourth of the metacarpus through skin and 
fascia to expose the artery. The artery was 
exposed for a distance of approximately 1 in. 
and elevated from the incision by means of a 
neurectomy hook for injection. A 22-gauge 
hypodermic needle, 1 in. in length, was in- 
serted obliquely into the lumen of the artery. 
Using a tuberculin hypodermic syringe of 1- 
ml. capacity, 0.2 ml. of the viable culture of A 
necrophorus was injected. Arterial blood was 
drawn into the syringe and reinjected several 
times. After withdrawing the needle, the 
point of inoculation was disinfected with 
zephiran. The incision was closed with stand- 
ard suture material. 

Processing the Diseased Feet. — All feet, 
both natural and experimental cases, were 
processed and studied in the same manner. As 
soon as was practical after removal, the feet 
were identified and placed in deep refrigeration, 
where they were kept until a number had ac- 
cumulated. They were then cleaned by clip- 
ping the hair and by washing to remove soil 
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Fig. 3—Gross frontal section, showing necrosis of in- 
terdigital tissue. 


Fig. 2—Necrotizing dermatitis, posterior and anterior 
aspects. 


Fig. 5—Photomicrograph of interdigital subcutaneous 


Fig. 4—Photomicrograph, showing necrosis of inter- connective tissue, showing necrosis of tissue and col- 
digital subcutaneous connective tissue. Giemsa stain. onies of filamentous Actinomyces necrophorus in situ. 
x 430. Giemsa stain. x 2,900. 
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and manure. The cleaned specimens were 
examined for external lesions. By means of 
a band saw, and while still frozen throughout, 
each foot was sawed into frontal gross sections, 
each 1 to 2 cm. in thickness, as illustrated 
in fig. 1. Each gross section was washed with 
cold water and scrubbed with a stiff brush to 
remove fragments of bone dust and soft tissue 
deposited on the cut surfaces by the sawing 
process. 


TABLE !—Distribution of Disease to Different Feet 


Total 
Foot No Per cent 


Left front 26 22.4 
Right front 16. 
Left hind 34 
Right hind 35 30.2 


All sections were then examined for gross 
lesions on the cut surfaces. Systematically, ab- 
normalities were searched for under the fol- 
lowing headings: bones, joints, ligaments and 
tendons, loose connective tissues, skin, and 
hoofs. On the basis of gross appearance, the 
duration of the lesions was estimated. Specific 
lesions in the gross sections were designated 
for histologic sections, and the entire gross 
section was fixed in 4 per cent formaldehyde. 
Histologic sections were stained by Nocht’s 
method and by McCollum-Goodpasture’s Gram 
stain. 

By methods described above, a record for 
each foot was prepared, giving the following 
data: description of lesions on intact and cut 
surfaces, histopathology of lesions, and the 
specific foot affected. On the basis of these 
data, the feet were classified as to type of af- 
fection. In addition, an attempt was made to 
determine the nature and source of the causa- 
tive agent. 


RESULTS 


Classification of Natural Cases.—A total 


of 116 diseased feet was collected. Table 1 
shows the incidence of disease for the dif- 
ferent feet, of which 61 per cent were the 
hind feet. 

On the basis of gross and _ histologic 
lesions, the feet were classified into eight 
groups. In many cases, it was possible to 
determine the probable port of entry for 
the causative agent. These data are given 
in table 2. 

Dermatitis was characterized by necrosis 
and the formation of crusts on the skin at 
the coronary band. Commonly, the lesions 
were located on the posterior aspect over 
the bulbs of the heels, extending periph- 


erally to either side and between the claws 
toward the front (fig. 2). Some cases 
showed annular enlargements in the hoof 
wall as a result of injury to the coronary 
band. Some lesions were located at the an- 
terior aspect of the foot on skin adjacent to 
the coronary band, extending peripherally 
to either side and between the claws. In 
chronic cases, the skin, especially over the 
posterodistal aspect, was thickened and 
scaly. The change extended from the coro- 
nary band proximally to a point a few cen- 
timeters above the small claws. They were 
limited to the skin and hoof. 

Histologically, much epithelium was des- 
quamated. The crust consisted of dried 
serum, necrotic tissue cells, leucocytes, and 
colonies of bacteria, some of which were 
A. necrophorus. The derma was infiltrated 
with mononuclear macrophages, lympho- 
cytes, and plasma cells. The reaction was 
considered as chronic. The causative agent 
came from the surface of the skin. 


TABLE 2—Classification of Naturally Diseased Feet 


Total 
feet Per cent 


Port of 
entry 


Dermatitis skin 


Necrosis interdigital tis- 
sue 2. skin 
Arthritis coffin joint 9.5 skin 


Total 


blood 
blood 


Osteitis 

Laminitis 
Inflammation of 
connective tissue 
Arthritis pastern and 
fetlock joints 
Miscellaneous 


loose 


trauma 


trauma 


Necrosis of the interdigital tissue was 
characterized by coagulative necrosis of the 
skin and subcutaneous connective tissue. It 
extended from posterior to anterior aspects, 
and reached to depths up to 2 cm. From the 
anterior, posterior, or interdigital surfaces, 
cleaned feet showed fissures on the skin. 
Gross sections presented necrotic tissue 
which was firm, brown, and friable. Sur- 
face cells often were desquamated. In some 
chronic cases, the necrotic cells were re- 
placed by granulation tissue. Proximal to 
the necrosis, the connective tissue was 
edematous and hyperemic. Inflammatory 
edema was pronounced in the digital 
cushion. Necrosis of interdigital tissue is 
shown in fig. 3. 

Histologic preparations presented coagu- 
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lative necrosis with an abundance of col- 
onies of A. necrophorus. Few leucocytes 
infiltrated the tissue (fig. 4 and 5). Epithe- 
lial cells of necrotic tissue and of tissue ad- 
jacent to the necrosis were enlarged and 
showed hydropic degeneration of cytoplasm 
(fig. 6). The causative agent had entered 
the tissue from the surface. 

Arthritis of the coffin joint was chronic 
or healed, and characterized by ankylosis, 
complete or incomplete, and by the forma- 
tion of excessive scar tissue between the 
affected joint and the interdigital space. 
Grossly, the digit was enlarged over the 
coffin joint. In some cases, the hoof was ex- 
cessively long from disuse. In healed cases, 
the skin was intact. Unhealed cases pre- 
sented ulcerated granulation tissue project- 
ing into the interdigital space. The joint 
eavity was obliterated with cartilage and 
fibrous connective tissue. Slight movement 
in the joint was possible. The transverse 
diameter of the second and third phalanges 
was increased, and the bone was spongy in 
texture. In some cases, exostosis was formed 
at the margin of the joint. A mass of scar 
tissue covered by skin projected from the 
axial aspect of the affected joint into the 
interdigital space (fig. 8). Histologic sec- 
tions showed that the joint cavity was filled 
with fibrous connective tissue and elastic 
cartilage, continuous with the articular 
cartilage (fig. 9). The original infection 
had entered from the surface of the inter- 
digital tissue. 

Feet classified as dermatitis, necrosis of 
the interdigital tissue, and arthritis of the 
coffin joint collectively constituted 53.6 per 
cent of the total. 

Osteitis was characterized by foci of in- 
fection at the distal epiphysis of the meta- 
carpus or metatarsus. Feet showing this 
condition were swollen, especially over the 
infected areas. At points of infection, the 
bone was softened and contained exudate 
(fig. 7). Histologically, the bone was ne- 
crotic and leucocytes had accumulated in 
large numbers. Colonies of rod-shaped bac- 
teria were discernible. The reaction was 
acute. The causative agent had entered the 
foot by way of the blood. 

Laminitis was characterized by hypere- 
mia of the laminae. It was an indefinite 
group. The feet were swollen slightly, espe- 
cially at the coronary band. Gross sections 
presented hyperemia of the laminae of the 
sole and wall. Connective tissues immedi- 
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ately proximal to the hoof were edematous. 
Histologically, the laminae were hyperemic 
and few hemorrhages were present. The 
connective tissue was edematous. Many col- 
lagenous fibrils were fragmented and mani- 
fested affinity for basic dye in sections 
stained by Nocht’s method. No leucocytes 
had infiltrated or were accumulating in the 
vessels. All changes were acute. The causa- 
tive agent was thought to have originated 
from the alimentary tract and to have been 
delivered to the feet by way of the blood. 
Inflammation of loose connective tissue 
was characterized by subcutaneous edema, 
hyperemia and, in some cases, necrosis and 
abscess formation. The entire foot was 
swollen. Histologic sections presented 
changes conforming with the gross changes. 
Bacteria were discernible only in cases hav- 
ing secondary infection. 
Most ¢ases contained evidence of exter- 
nal traumatism. All were considered acute. 
Ten feet were classified as arthritis of 
the pastern and fetlock joints. Grossly, they 
were characterized by swelling which was 
more pronounced over the affected joint. 
Some cases were acute, having exudate in 
the joint capsule; others were chronic, with 
complete or incomplete ankylosis; while 
some presented marked exostosis around 
the joint (fig. 10 and 11). Histologic sec- 
tions showed exudate in acute cases with 
bacteria present. Chronic arthritis pre- 
sented proliferation of cartilage and fibrous 
connective tissue into the joint cavity and 
the formation of bony tissue in areas of ex- 
ostosis. All cases showed evidence of trau- 
matism of the affected joint, such as lacera- 
tion and penetration of foreign bodies. 
The group of miscellaneous lesions varied 
greatly, both grossly and histologically. It 
included 1 case each of: deforming arthritis 
of the fetiock joint, gangrene, penetration 
by foreign body, and two papillomas. 
Experimentally Inoculated Animals.—As 
stated above, 8 calves were inoculated into 
the common digital artery with A. necro- 
phorus. Clinically, these animals showed a 
systemi¢ reaction. They became acutely 
lame within forty-eight hours postinoc- 
ulation. Swelling was severe, beginning 
immediately above the hoof and progressing 
proximally. Febrile reaction reached a maxi- 
mum of 105.8 F. Appetite diminished and 
considerable body weight was lost. Grossly, 
the infected feet presented generalized 
swelling. Foci of infection were widely dis- 
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Fig. 6—Photomicrograph of epithelium of skin adjacent 
to a focus of necrosis from a foot classified as necrosis 
of interdigital tissues, showing hydropic degeneration 
of epithelial cells to form vesicle. Nocht's stain. x 550. 


Fig. 8—Gross frontal secton, showing ankylosed arthri- Fig. 9—Photomicrograph of ankylosed arthritis of the 

tis of the coffin joint (1) and the formation of scar coffin joint. The joint cavity is obliterated by elastic 

tissue between the affected joint and interdigital space cartilage and fibrous connective tissue. Nocht's stain. 
x 4 
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seminated in joints, bone, connective tissue, 
and skin. Acute fibrinopurulent arthritis of 
the coffin joint was constant. In some cases, 
the pastern joints were infected. The dis- 
tal extremity of the metacarpus and all 


TABLE 3—Cattle Inoculated into the Left Common 
Digital Artery with Actinomyces Necrophorus 


Culture 
injected 
(ml.) 


Days from 
inoculation 
to autopsy 


Type 
lesion 


generalized® 
gzeneralized* 
tendinitis 

generalized* 
generalized* 


Ses 
bom tone | 


generalized* 
generalized* 
osteitis 


*Arthritis and osteitis. 


| 
| 


phalanges contained foci of infection. Each 
focus was pale in color, soft in texture, and 
easily detached. Foci of infection were con- 
centrated at the epiphyseal cartilages (fig. 
12). Only 1 case presented tendinitis. All 
visceral organs were normal. Histologic sec- 
tions of foci of infection contained necrotic 
bone, leucocytes, and colonies of A. necro- 
phorus. Infected joint capsules were filled 
with exudate and bacteria. 


DISCUSSION 


Of the eight groups presented in table 2, 
dermatitis, necrosis of the interdigital tis- 
sues, and arthritis of the coffin joint were 
similar. Lesions of these three groups were 
in close anatomic proximity. Except for the 
healed form of ankylosed arthritis of the 
coffin joint, they contained A. necrophorus 
and they originated as a surface infection. 
It is possible that these three groups were 
related necrobacilloses. In the case of der- 
matitis, the infection was limited to skin at 
any point immediately proximal to the hoof. 
In necrosis of interdigital tissue, the infec- 
tion localized between the claws and pene- 
trated into the subcutaneous connective 
tissue causing necrosis and acute inflamma- 
tion. The single case of acute arthritis of 
the coffin joint contained necrosis of inter- 
digital tissues extending into infected coffin 
joints. Most cases of healed ankylosed ar- 
thritis of the coffin joint contained a mass 
of scar tissue between the affected joint and 
the interdigital space (fig. 7). During the 
acute stages, necrosis from an infection of 
A. necrophorus extending into the joint may 


have been present. Close anatomic prox- 
imity of the interdigital space to the coffin 
joints predisposed them to infection by ex- 
tension from the surface. 

The exciting cause of the necrosis, some 
of the inflammation, and the arthritis prob- 
ably was A. necrophorus. Predisposing 
causes, if any, were not determined. 

Mud and manure packed into the inter- 
digital space may have created an anaérobic 
condition against the skin which enabled 
A. necrophorus to grow and to invade the 
tissue. Other possible predisposing causes 
included superficial traumatism, such as 
lacerations and contusions. The possibility 
of another infectious agent being the pri- 
mary cause was not eliminated. 

Considered collectively, dermatitis, necro- 
sis of interdigital tissues, and arthritis of 
the coffin joint constituted 53 per cent of 
the total cases. As would be expected from 
a hematogenic infection, experimental cases 
of necrobacillosis represented multiple foci 
of infection having wide distribution 
throughout the foot. None of these cases 
resembled natural dermatitis, necrosis of 


Fig. 10—Gross frontal section, showing arthritis and 
exostosis of the pastern joint. 


interdigital tissues, or arthritis of the coffin 
joint. Experimental infections simulated, 
to an extent, natural cases of osteitis. Since 
the majority of cases of necrobacillosis of 
the bovine foot are treated successfully, it 
is probable that a larger proportion of the 
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total cases of lameness are necrobacillosis 
than is indicated in this survey. 

Laminitis was poorly defined. Its cause 
was not determined, but it may have been 
due to toxic substances originating from 
the alimentary tract. 


Fig. 11|—Radiograph of same foot as shown in fig. 10. 


Having considered both natural lesions 
and experimental hematogenic infections of 
A. necrophorus, the following definition is 
proposed: Necrobacillosis of the bovine foot 
(foot rot) is a necrotizing infection of tis- 
sues immediately proximal to the coronary 
band or of interdigital tissues, often com- 
plicated by arthritis of the coffin joint, and 
caused, in part, by Actinomyces necrophorus 
penetrating from the surface. 


SUMMARY 


One hundred sixteen naturally diseased 
bovine feet were collected. They were frozen 
and sawed into frontal serial gross sections, 


each 1 to 2 cm. in thickness. Lesions of 
intact and cut surfaces were studied grossly 
and histologically. On the basis of patho- 
logic changes, the feet were classified into 
eight groups: dermatitis, necrosis of inter- 
digital tissue, arthritis of the coffin joint, 
osteitis, laminitis, inflammation of connec- 
tive tissue, arthritis of pastern and fetlock 
joints, and miscellaneous. The first three 
groups were related because they were in 
close anatomic proximity, contained Actino- 


Fig. 12—Gross frontal section of a foot inoculated 
intra-arterially with Actinomyces necrophorus, show- 
ing fibrinous arthritis of the fetlock joint (1) and a 
focus of necrotic osteitis of the first phalanx (2). 


myces necrophorus, and the infective agent 
penetrated from the surface. Arthritis of 
the coffin joint developed by extension of 
infection from necrosis of interdigital tis- 
sues into the coffin joint. 

Eight calves were injected into the left 
common digital artery with a living culture 
of A. necrophorus. These animals were 
autopsied at varying intervals after inocu- 
lation. The injected feet contained foci of 
infection in the joints, bones, tendons, and 
skin. None of these infections resembled 
dermatitis, necrosis of interdigital tissues, 
or arthritis of the coffin joint, as found in 
natural cases of lameness. 

Having studied both natural lesions and 
experimental hematogenic infections with 
A. necrophorus, the following definition is 
offered: Necrobacillosis of the bovine foot 
(foot rot) is a necrotizing infection of the 
tissues immediately proximal to the coro- 
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nary band or of the interdigital tissues, 
often complicated by arthritis of the coffin 
joint, and caused, in part, by Actinomyces 
necrophorus penetrating from the surface. 
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Bacterial Flora of the Bovine Male Genitalia 
H. J. RUEBKE, D.V.M., M.S. 


Ames, lowa 


THE WIDESPREAD employment of artificial 
insemination has emphasized the need for 
more extensive investigations of bovine dis- 
eases which can be transmitted from the 
male to the female. Since it is possible for 
the semen of 1 diseased bull to infect thou- 
sands of cows by means! of artificial insem- 
ination, it is evident that certain health 
standards should be necessary to qualify a 
bull for service in an artificial insemination 
stud. Considerable attention has been given 
to the effects of antibiotics and certain 
chemicals on bull semen, but the source and 
importance of bacteria present in semen has 
not been completely ascertained. Because 
this information is not known, bull studs 
are using antibiotics and sulfonamides in 
semen on an empiric basis in an attempt to 
inhibit the growth of microérganisms and 
increase the longevity of spermatozoa. 

This study was initiated to determine the 
bacterial flora of the genital tracts of ap- 


parently normal bulls, to assist in develop- 
ing methods for controlling bovine genital 
diseases, and to provide suitable standards 
for the collection and processing of bull 
semen. 


REVIEW OF LITERATURE 


Comparatively little has been written per- 
taining to the bacterial flora of the genital 
tract of the normal male bovine animal. Sev- 
eral authors have reported on the flora in spe- 
cific parts of the reproductive system, but only 
a few refer to all of the genital organs. 

In 1922, Gilman’ studied the bacteriology of 
the male genital tract of 10 normal calves 
ranging in age from 6 to 8 weeks. He was 
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unable to isolate any bacteria from the tract. 
Gilman also examined 2 mature fertile bulls; 
1 showed no organisms, and the other was 
negative except for a Streptococcus isolated 
from the left epididymis and the left scrotal 
sac. Micrococci and streptococci were the 
most common invaders observed in the mature 
infertile bulls. They were found most often 
on the tail of the epididymis and the seminal 
vesicles. This author cultured bacteria from 
bovine male genital tracts which were obtained 
from bulls at an abattoir. The species Strep- 
tococcus hemolyticus or Streptococcus viridans, 
Pseudomonas aeruginosa, Micrococcus aureus 
and Micrococcus albus, and Escherichia coli 
were isolated from these specimens. Brucella 
abortus was not cultured from any of these 
specimens. 

Gilman and Hopper,’ in 1925, examined a 2- 
year-old bull with a history of sterility. They 
injected a guinea pig with an extract from the 
right seminal vesicle of the bull. A pure cul- 
ture of Br. abortus was recovered from the 
spleen of the guinea pig. 

A diphtheroid was recovered from the urine 
of 12 out of 34 calves studied by Jones and 
Little,” in 1930. The calves were apparently 
normal and mostly males. The authors were 
satisfied that the organism was identical with 
Corynebacterium renale. 

In 1946, Morgan, Johansson, and Emerson” 
studied 43 cultures of Corynebacterium organ- 
isms from the sheaths of 16 out of a total of 
54 normal bulls. Eighteen cultures were iden- 
tified as C. renale and ten cultures as Coryne- 
bacterium pyogenes. The remaining 15 cultures 
of Corynebacterium bodies were not classified 
as to species. It was interesting to note that 
the sheath of 1 bull contained a pure flora of 
diphtheroids. 

Johansson, Morgan, and Winkler,’ in 1947, 
reported an unidentified Sarcina from a sheath 
swab of an apparently normal bull used in an 
artificial insemination ring. 

In 1950, Crawley, Wills, and MacGregor* 
reported the finding of a particular organism 
commonly isolated from calves and heifers 
showing nodules and inflammation of the vulva. 
Later, the organism was recovered from the 
sheath washings of bulls. 


MATERIALS AND METHODS 


Collection of Specimens.—All of the speci- 
mens used for this study were obtained from 
the Iowa Packing Company, Des Moines. The 
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genitalia of 45 bulls and 5 steers were collected 
during the months of July through November, 
1949. The animals were chosen at random 
as they entered the killing floor. The age of 
individual bulls was not known, but the young- 
est was estimated to be about 1% years old. 
All of the bulls appeared to be of breeding age. 

In removing the genital tracts from the car- 
casses, the external orifice of the prepuce was 
tied tightly with cord to prevent contamination 
of the preputial cavity. Each genital tract was 
dissected from its appendages. The penis, 
prepuce, and testicles were pulled through the 
pelvic cavity, and the entire genital tract was 
brought out through an opening in the ab- 
dominal wall. 

The organs were placed in a clean, covered 
container and were kept refrigerated until 
they reached the laboratory. 

Laboratory Procedures.—The following sites 
were used for bacteriologic examination: tes- 
ticles, epididymides, ampullae of the vasa 
deferentia, seminal vesicles, prostate, bulbo- 
urethral glands, pelvic urethra immediately 
caudal to the prostate, urethra at the caudal 
glans, glans penis, and the prepuce. 

For primary isolation of the bacterial colo- 
nies, the following mediums were used: tryp- 
tose agar plus 5 per cent ox blood, SS agar, 
and sodium azide-crystal violet blood agar.” 
Egg yolk medium was also used at the begin- 
ning of the experiment. This medium was dis- 
continued, since the colonies which were found 
on the egg yolk medium were duplicated on 
the other mediums. 

The material from each area examined was 
streaked on each medium. The blood-agar 
plates were inoculated in triplicate and incu- 
bated under aérobic, anaérobic, and CO, condi- 
tions. 

The various colonies were isolated and iden- 
tification of the organisms was made according 
to the staining, morphology, biochemical activi- 
ties, and descriptions by Merchant” and Ber- 
gey’s manual.’ 

Agar slants containing ammonium phos- 
phate were used for the differentiation of cer- 
tain Micrococcus species.“ All of the other 
differential mediums used were standard lab- 
oratory stock. 


RESULTS 


The areas of the genital tract in which 
bacteria were found are shown in table 1. 
It is important to note that no bacteria were 
found in the testicles, epididymides, am- 
pullae of the vasa deferentia, seminal vesi- 
cles, prostate, or bulbo-urethral glands of 
the animals studied. In the 50 animals ex- 
amined, these organs were considered to be 
bacteriologically sterile. After examining 


the lumen of the urethra immediately caudal 
to the prostate of 50 animals, bacteria were 
found in only 9 of them. The occurrence of 
bacteria in the urethra was found to be 
greater as the external urethral orifice was 


TABLE I—The Incidence of Bacteria in Genitalia of 45 

Bulls and 5 Steers 

“Animals yielding 
bacteria 
(No.) 


Area examined 
Testicles 
Epididymides 
Vasa deferentia (ampullae) 
Seminal vesicles 
Prostate 
Bulbo-urethral glands 
Urethra caudal to prostate 
Urethra at sigmoid flexure 
Urethra at caudal glans 
Prepuce and glans penis 


approached. Fifteen of the animals showed 
bacteria in the urethra at the sigmoid flex- 
ure, while 36 had bacteria in the urethra 
in the region of the caudal part of the glans 
penis. In all of the specimens, organisms 
were found on the surface of the glans penis 
and the prepuce. 

The species of bacteria that were isolated 
and identified and the distribution of each 
species in the genital tracts are shown in 
table 2. The bacteria listed without a species 
name include all the members of the genus 
that were not described as a species by 
Merchant?! or Bergey’s Manual.‘ All of the 
unidentified species of a given genus were 
tabulated after the genus name. For exam- 
ple, Corynebacterium species were found in 
24 animals. The organisms which did not 
conform to the descriptions of a genus are 
listed under the heading “Unidentified.” 
They are classified according to their gram- 
staining characteristics and morphology. 

Bacteria typical of ten genera were iso- 
lated from the urethra, penis, and prepuce 
of 50 different bulls and steers. Micrococ- 
cus luteus was identified more frequently 
than any other species. Micrococcus con- 
glomeratus was quite widely distributed, 
since it was found at least once in each area 
of the genital tract from which bacteria 
were isolated. Members of the genera 
Escherichia, Streptococcus, and Corynebac- 
terium were found in the entire urethra and 
the prepuce, but they were not prevalent in 
as many animals as M. conglomeratus. 

Many of the bacteria shown in table 2 
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are considered to be pathogens which are 
capable of producing disease in animals. 
The organisms which have been associated 
with pathologic conditions are C. renale, 
C. pyogenes, Corynebacterium pseudotuber- 
culosis, E. coli, Aerobacter aerogenes, Pro- 
teus ammoniae, Ps. aeruginosa, Streptococ- 
cus dysgalactiae, Streptococcus uberis, and 
Streptococcus equisimilis. No lesions were 
observed in any of the tissues from which 
these organisms were isolated. Most of the 
other organisms named in table 2 are not 
ordinarily considered to be pathogenic. 


Micrococcus anaerobius was the only 


strictly anaérobic species that was isolated. 


It is interesting to note that this organism 
was found most frequently in the prepuce. 


DISCUSSION 

It must be realized that the purpose of 
this investigation was to determine the nor- 
mal bacterial flora of the genital tracts of 
apparently normal bulls. The bacteria, listed 
in the tables, may or may not be important 
if they ave transmitted from the male geni- 
talia to the female genitalia, or they may 
or may not have a detrimental effect on bull 
semen. Little has been done to establish 
which bacteria comprise the normal flora of 
male bovine genitalia; however, other in- 


TABLE 2—Distribution of Bacterial Species as to Their Source of Isolation 


Urethra 
caudal 


to 
Name of organism 


Aerobacter aerogenes 
tlealigenes bookeri 
Alcaligenes faecalis 
Bacillus subtilis 
Bacterium ammoniagenes 
Corynebacterium pseudotuberculosis 
Corynebacteritim pyogenes 
Corynebacterium renale 
Corynebacterium sp 
Escherichia coli 
Escherichia freundii 
Escherichia intermedium 
Escherichia sp. 
Vicrococcus anaerobius 
Wicrococcus candidus 
Wicrococcus conglomeratus 
Vicrococcus flavus 
Vicrococcus freudenreichii 
Vicrococcus luteus 
Micrococcus sp. 
Vicrococcus ureae 
Micrococcus varians 
Proteus ammoniae 
Proteus morganii 

Proteus rettgeri 

Proteus sp. 

Proteus vulgaris 
Pseudomonas aeruginosa 
Pseudomonas sp. 
Streptococcus bovis 
Streptococcus durans 
Streptococcus dysgalactiae 
Streptococcus equinus 
Streptococcus equisinilis 
Streptococcus faecalis 
Streptococcus lactis 
Streptococcus sp. 
Streptococcus uberis 


Streptococcus zymogenes 
Unidentified 


(Giram-negative rods 
Gram-positive rods 
Gram-positive coeci 


prostate 


Urethra Urethra 
at 
sigmoid 
flexure 


Bulls 
yielding 
organism 
(Total No.) 


a Penis 
caudal and 
glans prepuce 
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vestigators have observed some of the ef- 
fects of bacteria on male genitalia and bull 
semen. 

The preceding data have emphasized that 
bacteria were not found in the testicles, 
epididymides, seminal vesicles, ampullae of 
the vasa deferentia, prostate, and bulbo- 
urethral glands of the bulls and steers. All 
of the genital tracts examined in this study 
contained bacteria in the prepuce, and fewer 
animals had bacteria in the urethra near 
the prostate than in the urethra at the 
caudal glans. It was noted that several 
specimens contained extraneous hairs and 
pieces of straw and feces in the preputial 
cavity to show evidence of contamination 
by external means. Probably some of the 
organisms were carried into the urethra or 
prepuce by the urine, but most of the evi- 
dence indicates that the organisms have 
become established in the genital tract from 
external contamination. It was suggested 
by Topley and Wilson'® that the mechanical 
flushing of the urethra by the urine was an 
important factor in explaining the absence 
of bacteria in the human urethra. The same 
mechanical flushing of the urethra by the 
urine in bulls and steers could reduce the 
number of bacteria in the urethra. 

Aerobacter aerogenes, Alcaligenes faeca- 
lis, and Alcaligenes bookeri are listed in 
Bergey’s manual‘ as inhabitants of the in- 
testinal canal. Aerobacter aerogenes and 
many of the Proteus group of organisms 
are widely distributed in nature. Since the 
preputial orifice is readily exposed to the 
feces and soil usually present in the bedding 
of bulls and steers, it should be expected 
that many fecal- and soil-inhabiting organ- 
isms could be present in the prepuce of a 
male bovine animal. Our observations find 
this to be true. 

Bacterium ammoniagenes is presumably 
widely distributed in putrifying materials. 
In the 6 specimens from which Bact. am- 
moniagenes was isolated, the organism was 
probably a saprophyte. The author did not 
find a previous report of this organism 
being found in the male genital tract. 

Members of the genus Escherichia were 
isolated from 15 of the animals. Escherichia 
coli has been found in the intestinal tract 
of man and animals, in bull semen, and in 
numerous infected lesions, including those 
of the urogenital tract. The status of E. coli 
as a pathogen has not been completely de- 
termined, so its importance in these genital 
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tracts is also questionable from the stand- 
point of disease. The presence of E. coli 
in the entire urethra in two out of nine 
genital tracts in which it was found may 
suggest that this organism may readily con- 
taminate semen during ejaculation. 

Micrococci were most consistently found 
as part of the flora of the genital tracts. Of 
50 animals, 43 yielded micrococci. Most of 
the micrococci were isolated from the pre- 
puce and the urethra at the region of the 
caudal boundary of the glans penis. Micro- 
coccus conglomeratus was the only species 
of bacteria found in 1 steer in which the 
prepuce was the only tissue of the genital 
tract containing microérganisms. Since 
members of the genus Mécrococcus are 
ubiquitous, it is not surprising that many 
were isolated from the genital tracts. They 
have been found in the urinary tract, urine, 
semen, and skin secretions. The fact that 
micrococci have been found in many fluids 
and tissues assceciated with the genital tract 
of the bull would suggest that probably the 
majority of the bull population harbors 
micrococci. 

Organisms closely resembling C. renale 
were isolated from seven specimens. A sim- 
ilar organism has been isolated from the 
urine, the urinary tract, and prepuce of sup- 
posedly normal bovine males by Jones and 
Little,'” and Morgan, Johansson, and Em- 
erson.'* Packer’ and the author have iso- 
lated a similar organism from bull semen. 
Although C. pyogenes is usually considered 
to be a pathogen associated with purulent 
conditions, it did not produce any gross ab- 
normality in the 2 bulls in which the or- 
ganism was found. This agrees with the 
report of Hancock and Kelly.* Diphtheroids 
from eight different specimens were simi- 
lar, morphologically, and produced biochem- 
ical reactions identical to C. pseudotuber- 
culosis. Much variation in the cultural and 
biochemical activity of the other Coryne- 
bacterium bodies was encountered, which 
accounts for many of the organisms in the 
genus Corynebacterium not being classified 
as to species as listed in table 2. 

Nine different species of streptococci 
were identified and four cultures of strep- 
tococci were not classified as to species. 
Streptococci were found regularly in the 
specimens. Streptococcus faecalis and Strep- 
tococcus bovis are frequently found in bo- 
vine feces, so the presence of these organ- 
isms suggests that fecal contamination of 
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parts of the genital tract may have oc- 
curred. It is interesting to note that Str. 
uberis and Str. dysgalactiae, which are 
often associated with bovine mastitis, were 
found in 9 animals. A previous report of 
the isolation of Str. equisimilis from bull 
genitalia was not found by the author. 

Rempt and Zwanenburg!® (p. 74) stated 
that “Pseudomonas pyocyanea does not oc- 
cur as a contaminant in the semen of 
healthy bulls.” The author believes that it 
is possible that semen could be contami- 
nated with Ps. aeruginosa as semen passes 
through the urethra but, in this case, the 
finding of this organism in the semen would 
not be a true’ index of genital tract infec- 
tion. Only 4 bulls yielded Ps. aeruginosa in 
this study, and the organism was not found 
in any part of the tract other than the 
prepuce and in the urethra. In 1 bull, Ps. 
aeruginosa was found in the urethra in an 
area extending from about 6 in. proximal 
to the external urethral orifice. No visible 
lesions were seen in these bulls. 

Gilman and Hopper,’ Bendixen and Blom,' 
and Blom and- Christensen? have isolated 
Br. abortus from genital organs of dis- 
eased bulls. The bulls used in this experi- 
ment were considered to be normal because 
macroscopic lesions were not observed in 
any tissues of the body. Since it is possible 
for Br. abortus to exist in genital tissues 
without producing macroscopic lesions, and 
the history of each animal used in this study 
was not available, techniques for the isola- 
tion of this organism were used throughout 
the experiment, but it was not recovered. 

Staphylococcus aureus has been found 
frequently from tissues of cattle, especially 
the udder. It is interesting that Staph. 
aureus was not found in any of the 50 
genital tracts, and Packer!‘ did not isolate 
the organism from 102 samples of bull 
semen. 

Although many unidentified organisms 
are listed in table 2, not any of the cultures 
conformed to the pleomorphic, gram-nega- 
tive organism described by Crawley, Wills, 
and MacGregor.® The bacteria which were 
not identified should be studied further in 
order to classify them, to determine their 
status as possible pathogens, and to observe 
their effect on semen. 

In this investigation, it has been shown 
that species of bacteria which have been 
recognized as pathogens did inhabit the 
urethra, glans penis, and prepuce of some 


of the bulls. The mere presence of such or- 
ganisms in or on genital tissues does not 
necessarily mean that an active infection 
exists. Many of these pathogens may live 
in the male genital tract as opportunists 
which can invade the tissues if predispos- 
ing conditions occur. Also, bulls that are 
harboring pathogenic organisms in their 
genital tracts may be a hazard to the health 
of cows that the bulls breed. It is evident 
that more extensive investigations of the 
role of these bacteria in diseases of the 
female genitalia are necessary to aid in con-, 
trolling genital infections of cattle and to 
aid in developing standardized methods of 
collecting and processing bull semen for use 
in artificial insemination. 


SUMMARY AND CONCLUSIONS 


1) No bacteria were found in the tes- 
ticles, epididymides, ampullae of vasa defer- 
entia, seminal vesicles, prostate, and bulbo- 
urethral glands of 45 bulls and in the 
ampullae of the vasa deferentia, seminal 
vesicles, prostate, and bulbo-urethral glands 
of 5 steers. 

2) Bacteria were found on the surface 
of the glans penis and prepuce of the entire 
group of 50 specimens. 

3) Nine of the specimens had bacteria 
in the lumen of the urethra in the area im- 
mediately caudal to the prostate and 36 had 
bacteria in the lumen of the urethra in the 
region of the caudal part of the glans penis. 

4) Members of the genera Alcaligenes, 
Bacillus, Bacterium, Corynebacterium, 
Escherichia, Micrococcus, Proteus, Pseudo- 
monas, and Streptococcus were isolated 
from the specimens. Many unidentified spe- 
cies were also isolated. 

5) The following organisms which have 
been associated with pathologic conditions 
in the bovine male were found in genital 
tracts of 50 apparently normal bulls and 
steers: Corynebacterium renale, Corynebac- 
terium pyogenes, Corynebacterium pseudo- 
tuberculosis, Escherichia coli, Aerobacter 
aerogenes, Proteus ammoniae, Pseudomonas 
aeruginosa, Streptococcus dysgalactiae, 
Streptococcus uberis, and Streptococcus 
equisimilis. There was no evidence of 
macroscopic lesions due to the presence of 
these organisms in the genital tracts. 

6) Members of the genera Micrococcus 
and Corynebacterium were the predominat- 
ing organisms found in the specimens. 
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7) Further studies of the unidentified 
microérganisms are necessary in order to 
classify them and to determine the impor- 
tance of their presence in the genital tract. 
Also, more extensive investigations of the 
bacteria that were identified are needed to 
establish the significance of their presence 
in gential organs. 
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Hyaluronidase Production in Vitro by Streptococci Isolated 
from Bovine Mastitis Cases 


T. A. GOCHNAUER, Ph.D., and J. B. WILSON, Ph.D. 


Madison, 


HYALURONIDASE production of microérgan- 
isms has been considered by many au- 
thors!:?3 to be a factor in invasion by the 
organisms into the tissues of the host. A 
brief review of the subject of streptococcic 
hyaluronidase production is given by Russell 
and Sherwood,* who conducted a study of 
hyaluronidase production in the Lancefield 
serologic groups of streptococci, and found 
that some of the streptococci in groups A, 
B, and C produced the enzyme in vitro, but 
all cultures of groups D through K were 
inactive. Since our investigations on bovine 
mastitis demonstrated that about 60 per 
cent of udder quarters infected with strep- 
tococci harbored Streptococcus agalactiae, 
it was decided to assay cultures from herds 
in the Madison, Wis., area for hyaluroni- 
dase. It was found that over 90 per cent 
of the cultures of Str. agalactiae and Strep- 
tococcus dysgalactiae isolated from 116 
quarters produced hyaluronidase in vitro. 
On the other hand, less than 20 per cent of 
esculin-hydrolyzing streptococci obtained 
from 40 quarters produced the enzyme. 
These findings prompted a study to deter- 
mine whether the hyaluronidase production 
demonstrable in vitro bore any relationship 
to the severity of the inflammation caused 
by the infection or to the percentage of 
quarters which were freed of streptococci 
by treatment with penicillin or other agents. 
Duran-Reynals' demonstrated that the 
spreading factor (hyaluronidase) could 
enhance or diminish the severity of the in- 
flammation, depending on the concentration 
of the exciting agent required to bring 
about the inflammatory response. A mildly 
toxic agent was diminished in effect by dis- 
persion; a highly toxic agent was enhanced 
in its systemic effect by the same mechan- 
ism. By the use of hyaluronidase, Som 
et al.4 were able to increase markedly the 
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diffusion of penicillin into the blood stream 
through the membranes of normal and in- 
flamed human maxillary sinuses. Hyaluroni- 
dase production in vivo might be expected 
to enhance the dispersion of antibiotics or 
of sulfonamides in the udder; such a factor 
should increase the number of recoveries, 
provided the antibiotic were not diluted be- 
low the inhibitory level. 


MATERIALS AND METHODS 


Hyaluronic acid was prepared by the method 
of Seastone.’ For assay of the enzyme, a solu- 
tion of 0.4 mg. per 100 ml. of hyaluronic acid 
in tenth-molar phosphate buffer of pH 6.0 was 
prepared. Tubes containing 0.25 ml. of hya- 
luronic acid solution, 0.25 ml. of bovine serum, 
diluted 1: 10 in saline, and 0.5 ml. of distilled 
water were prepared and warmed to 37 C. in 
a water bath. To each tube was added 0.5 ml. 
of the supernatant broth, diluted 1:2 in 
saline, of a 24-hour culture of the organism to 
be assayed for enzyme activity. This mixture 
was incubated at 37 C. for thirty minutes. At 
the end of the incubation period, 0.1 ml. of 
two times normal acetic acid was added to 
precipitate the hyaluronic acid remaining. In 
the presence of the serum, at pH 4.0, hya- 
luronic acid is precipitated quantitatively. 
Thus, when a culture produced hyaluronidase, 
the hyaluronic acid was destroyed, and a pre- 
cipitate did not form on addition of the acetic 
acid. When hyaluronidase was not produced, a 
heavy turbidity resulted from the addition of 
the acetic acid. 

RESULTS 

The relationship of enzyme production 
in vitro by the streptococci to the severity 
of inflammation in the udder quarter from 
which the bacteria were isolated was deter- 
mined according to the following procedure: 

The severity of the inflammation in a 
given quarter was determined by G. R. 
Spencer of the Department of Veterinary 
Science, University of Wisconsin, according 
to the following criteria: Quarters which 
produced alkaline or flaky milk, or milk 
containing more than 6 million leucocytes 
per milliliter were classed as grade 3, or 
severely affected; quarters which produced 
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milk normal in appearance, but with a leu- 
cocyte count of 3 to 6 million, were classed 
as grade 2; quarters which produced milk 
with a leucocyte count of 1 to 3 million were 
classed as grade 1; quarters which yielded 
milk with a count less than 1 million were 
classed as grade 0, or unaffected. 


TABLE I—Relationship of Severity of Inflammation of 

Individual Udder Quarters with Streptococci to the 

Production of Hyaluronidase in Vitro by the Strep- 
tococci 


Grade of inflammation 
3 2 1 0 


Hyaluronidase production 
Isolates* positive 
Isolates* negative 

Ratio of positive to negative 1.2 


*Represents a single culture isolated from an in 


dividual udder quarter. 


The quarters were divided into two 
groups: those shedding streptococci which 
produced hyaluronidase in vitro, and those 
shedding streptococci which did not pro- 
duce hyaluronidase in vitro. The two groups 
were further subdivided on the basis of the 
data on inflammatory reaction as provided 
by Spencer, to determine whether the quar- 
ters showing marked inflammation con- 
tained a greater or lesser proportion of 
hyaluronidase-producing organisms than 
the unaffected quarters. These data are 
shown in table 1. The ratios indicate that 
more hyaluronidase-producing organisms 
than nonproducing organisms were isolated 
from the numbers of quarters sampled. It is 
important to note that the ratios do not 
change materially from the severely affected 
quarters to the unaffected quarters, indi- 
cating the lack of relationship between the 
ability to produce hyaluronidase in vitro 
and the severity of the inflammation caused 
by streptococci infecting the udder. 

The relationship between hyaluronidase 
production in vitro by streptococci isolated 
from individual quarters to the number of 
quarters freed from infection by sulfones, 
penicillin, and sulfamethazine was deter- 
mined in much the same way as in the pre- 
ceding paragraph. Three herds, totalling 68 
infected quarters, were treated with various 
combinations of the agents mentioned pre- 
viously, by G. R. Spencer and J. Simon of 
the Department of Veterinary Science. One 
week following treatment, the quarters 
initially infected were again sampled and 
the cultures of streptococci isolated were 
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identified. For the purposes of the work re- 
ported here, quarters which failed to shed 
demonstrable streptococci, or which failed 
to yield the same species of Streptococcus 
a week after treatment as was shed before 
treatment were considered recovered. It 
was thought that data so obtained would 
dispose of the possibility of reinfection, an 
ever-present source of error in field herds. 
The quarters were then classified on the 
basis of recoveries and on the presence or 
absence of hyaluronidase activity in the cul- 
tures isolated prior to treatment. The re- 
sults of this comparison are shown in 
table 2. 


TABLE 2—The Relationship of Hyaluronidase Produc- 
tion in Vitro to the Percentage of Recoveries Effected 
by Chemotherapy 


No. quar- 
ters still 
infected 


No. quar- 
ters freed 
of infection 
No. quarters shedding 
hyaluronidase-positive 
streptococci before 
treatment 
No. quarters shedding 
hyaluronidase-negative 
streptococci before 
treatment 


Perusal of the data indicates that re- 
gardless of the production of hyaluronidase 
streptococci were eliminated from the 
greater percentage of quarters. 


DISCUSSION 


Although most cultures of Str. agalactiae 
and Str. dysgalactiae which have been iso- 
lated from bovine mastitis have been shown 
to produce hyaluronidase in vitro, evidence 
has not yet been obtained that significant 
amounts of the enzyme are produced by the 
growth of the organisms in the udder.® The 
data in tables 1 and 2 indicate that there is 
no relationship between hyaluronidase pro- 
duction by mastitis streptococci and the 
severity of the infection or the effect of 
penicillin treatment or treatment with other 
agents. Some of the capsulated streptococci 
of group C, however, have been found to 
survive infusions of penicillin to the udder, 
7,8 although they are very susceptible to 
the antibiotic in vitro.* Streptococcus zoéepi- 
demicus, a representative of this group, is 
frequently found to be capsulated, and may 
resist phagocytic action more effectively 
than such species as Str. agalactiae or Str. 
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dysgalactiae, which usually are not capsu- 
lated. Perhaps this lack of a capsule miti- 
gates against systemic distribution of the 
infection caused by the latter two species. It 
is interesting that Kass and Seastone® were 
able, by the injection of hyaluronidase, to 
protect guinea pigs against infection by 
capsulated streptococci of group A. There is 
the possibility that the combined use of 
hyaluronidase and penicillin may prove 
more efficacious than penicillin alone in the 
treatment of mastitis caused by Str. zodéepi- 
demicus. 


SUM MARY 


1) A relationship could not be established 
between the production of hyaluronidase in 
vitro by mastitis streptococci and the sever- 
ity of the inflammation of the quarter of 
the udder from which they were isolated. 

2) A relationship could not be demon- 
strated between hyaluronidase production 
by mastitis streptococci in vitro and the 
percentage of udder quarters freed for a 
period of one week from the original species 


. REs. 


of Streptococcus by treatment with peni- 
cillin, sulfamethazine, or diamino diphenyl 
sulfone. 
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The Hematologic Examination of Normal Blood of Egyptian 
Buffaloes 


HUSSIEN REDA, M.V.Sc. 
Giza, Egypt 


THE BUFFALO (Bubalus buffelus) was do- 
mesticated ages ago in India. Its migration 
was eastward and finally into Egypt. Very 
little research has been done on buffaloes. 
The purpose of this work is to make a rec- 
ord of the blood picture of the Egyptian 
buffalo. It is, however, essential to present 


TABLE I—Red Corpuscle Counts for Four Groups of 
Buffaloes 


Red corpuscles (millions) 


Group (Max.) (Min) 


Suckling 11.006 8.500 
Calves 10.800 8.080 
Young 8.560 6.300 
Adult 7.420 5.430 


a brief survey of the normal blood of buf- 
faloes to be considered as standards for 
purposes of comparison between normal and 
pathologic aspects of the blood elements. 
MATERIALS AND METHODS 

The animals studied included 60 buffaloes 
belonging to the breeding and feeding sections 

From the Faculty of Agriculture, Fouad I Uni- 
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in the Faculty of Agriculture. They were fed 
a well-balanced ration, were all in good health, 
and were living under circumstances similar 
to those in villages. They were also free from 
parasites, skin diseases, and any other spe- 
cific diseases. 

The animals were grouped into four cate- 
gories according to age as follows: 


1 to 30 days 
6 months 
6 to 24 months 
2to 5 years 


Group 1—suckling 
Group 2—calves 
Group 3—young 
Group 4—adult 

Blood specimens were collected from the 
marginal vein of the ear. Blood films were 
stained by panoptic method, using May-Gruen- 
wald stain followed by Giemsa stain, and were 
examined for differential leucocyte counts. For 
the total counts, a Neubauer hemocytometer 
was used. For determination of hemoglobin, 
the Sahli hemoglobinometer was chosen. 

The Hemoglobin Percentage.—The percen- 
tage varied from 55 to 85 in all groups. The 
averages recorded for the four groups were 70 
for sucklings, 75.5 for calves, 74 for young, and 
69 for adult buffaloes. The average percen- 
tage tended to show an increase in calves 
and young buffaloes over both recorded for 
sucklings and adults. 

The White Blood Corpuscles.—The number 


Fig. |\—Egyptian buffaloes. 
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of the white blood corpuscles per cubic milli- 
meter for buffaloes as a whole varied widely 
from 6,000 to 12,000. Averages were 9,110 
per cubic millimeter for sucklings, 10,600 for 
calves, 8,750 for young, and 8,200 for adult 
buffaloes. The lowest average recorded was 


buffaloes were 64.5, 58.0, 51.0, and 46.5, re- 
spectively. The average percentage was 
highest in sucklings and lowest in adults; 
calves and young buffaloes occupied a middle 
position between the two groups. 

The Neutrophil Granulocytes. The 


neu- 


TABLE 2—Averages of the Differential Count in the Four Groups of Buffaloes 


Hemo 
r.b.c.* globin 


(millions) 


Groups of 
buffaloes 


9.450 
9.170 
8.010 


Sucklings 

Calves 
Young 
Adult 


*r.b.c red blood corpuscles; **w.b.« white 
that of adults, the highest of calves. The aver- 
ages tended to be lowered in young buffaloes 
and increased in sucklings. 

The Differential Count.—Lymphocytes.—The 


blood « 


Mono 
cytes 
(%) 


Eosino 
phils pl 
{ 


Lympho Neutr 
cytes phils 
(%) 


iso 


rpuscles 


trophil cells, according to their percentages, oc- 
cupy second place. The average percentage 
recorded by sucklings, calves, young, and adult 
buffaloes were 31.5, 38.0, 40.0, and 45.0, respec- 


tively. The average percentage was highest 
in adults and lowest in sucklings. 
The Eosinophil Granulocytes.—These 


lymphocytes, according to their percentages, 
occupy first place. The average percentages 
recorded by sucklings, calves, young, and adult cells 


TABLE 3—-Summary of Som2 Hematologic Finding: o 


Hemo- Lympho- Neutr 
r.bv« globin eytes phils 
(millions) ) (%) (Oy 


Groups of 

inimals 
Storch (1901) 

Calves 

Young 

Adult 


Fraser (1929) 
Cow 
4.7 


Bull 


Noris and Chamberlain (1929) 


Calves 
Young 
Adult 


Calves 
Heifers 
Bullocks 
Cows 


Calves 10.204 
Elains (1939)? 
50.0 


1 
8.1 
os. 


Adult 5.3! 10.2 


Hathout (1946)> 
9.82 
70.14 
66.78 9; 3.48 
63.98 1.96 


Sucklings 9.448 
Calves 9.005 
Young cattle 8.816 


Adult cattle 8.01 65.16 
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are not so numerous as the lymphocytes or 
neutrophils. The average percentages re- 


corded for the four groups were 1.0, 1.5, 3.5, 


Fig. 2—Normal blood of buffaloes. Large lymphocytes 
and segmented neutrophil. 


and 4.0, respectively. The percentage is 
observed to increase in a parallel direction 
with the age. 

The Basophil Granulocytes.—These cells are 
the scantiest in the blood, they were not demon- 
strable in the majority of the 60 cases ex- 
amined. 


NORMAL BLOOD OF EGYPTIAN BUFFALOES 


The Monocytes.—These cells are not very 
numerous in the blood. The average percen- 
tages recorded for the four groups were 3.0, 
2.5, 5.0, and 4.0, respectively. 

It is interesting to summarize the hemato- 
logic findings on cattle obtained by some inves- 
tigators as compared with Egyptian buffaloes. 


SUMMARY 


1) Sixty normal buffaloes were examined 
for erythrocytes, leucocytes, hemoglobin, 
and differential count. 

2) The number of red blood corpuscles 
per cubic millimeter of blood varies with 
the age of the animal; higher counts are 
shown by sucklings and lower counts of 
adults. 

3) The hemoglobin percentage tends to 
be high in young and low in adults. 

4) The white blood corpuscle counts are 
higher in calves than in adult buffaloes. 

5) The lymphocytes show the highest 
percentage of the total leucocytes in young 
animals, especially sucklings. 

6) The average percentage of neutrophils 
is highest in adults and lowest in sucklings. 
Neutrophils occupy second place. 

7) The eosinophils increase in a parallel 
direction with the age, lowest in the young 
and highest in adults. 

8) The basophil cells are very scanty. 

9) The monocytes are not very numerous. 

10) The findings recorded in this work 
are in close agreement with reports for 
cattle. 


The Development of the Aortic Arches in the Horse 


A. VITUMS, Dr. Med. Vet. 


Pullman, 


DURING THE course of investigations con- 
cerning the formation of the definitive 
aortic arch in the horse, opportunity was 
presented to observe the development of the 
aortic arches in 2 young horse embryos. 

In embryos of sauropsids and mammals, v. 
Baer,’ Rathke,"* and others observed five aortic 
arches on both sides. In embryos of Lacerta 
tropidonotus and chickens, van Bemmelen*® 
found a pair of arches corresponding to the 
fifth aortic arches of amphibians and dipnoids. 
Boas® suggested that in amniotes there might 
be a trace of one more pair of arches between 
Rathke’s fourth and fifth pairs of arches. Zim- 
merman*® identified this supposed pair of fifth 
aortic arches in a human embryo and later in 
rabbit and sheep embryos. 

Later, other investigators confirmed van 
Bemmelen’s and Zimmerman’s point of view 
concerning the development of six pairs of 
aortic arches iif aniniotes. (Tandler,”.”* man 
and rat; Lehmann,” rabbit and pig; Soulié 
and Bonné,” mole; Locy,”” birds and mammals; 
Reinke,” Reagan,” Orts Llorck,” pig; Haf- 
Tarsius spectrum; and man and 
calf.) They have found a more or less com- 
plete fifth aortic arch between the fourth and 
sixth aortic arches. Tandler also pointed out 
that, in man and rat, the fifth aortic arch de- 
veloped after the partition of the conus 
arteriosus had occurred. The rudimentary 
blood vessels between the fourth and sixth 
aortic arches are noted by Coulter’ (cat) and 
Congdon‘ (man). Many investigators (Tan- 
dler, Lehmann, Reinke, Golub, Soulié and 
Bonné) have observed a distinct entodermal 
pouch (fifth pharyngeal pouch) between the 
fourth and fifth aortic arches. Soulié and 
Bonné also noted the presence of a fifth vis- 
ceral arch and Reinke a distinct fifth ecto- 
dermal groove. 

The existence of the fifth aortic arches is 
questioned by Lewis" (rabbit and pig), Kings- 
bury": (man), Heuser” (pig), and Hammond’ 
(calf). Their arguments are that there is no 
evidence that a fifth pharyngeal pouch and 
fifth visceral arch have been adequately demon- 
strated in mammals and that the irregular 
blood between the fourth and pul- 
monary arches are of only secondary forma- 
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tion and can not, with propriety, be designated 
as true aortic arches. 

As far as I could determine, there is no re- 
port in the literature concerning the develop- 
ment of the aortic arches in the horse, except 
my preliminary report” on the frfth aortic arch 
in that species. Therefore, I present my ob- 
servations as a short contribution to this 
problem. 


MATERIALS AND METHODS 

Two horse embryos were available for this 
investigation. One measured 7.5-mm. CRL* 
and the other 10-mm. CRL. The general stages 
of development of these embryos have been 
described in an earlier publication.” The em- 
bryos were fixed in picric acid, stained in toto 
with lithium carmine, and serially sectioned 
on a frontal plane at 204. Wax models were 
made of parts of these embryos, using Born’s 
method of plate modeling. Structures thus 
reconstructed were the pharyngeal pouches, 
the truncus arteriosus, the aortic arches, and 
the dorsal aortae. In the 10-mm. embryo, the 
segmental vessels and a part of the neural 
tube were also modeled. The model of the 7.5- 
mm. embryo is magnified 60 times, and that 
of the 10-mm. embryo, 50 times. 

DISCUSSION 

7.5-mm. CRL Embryo.—From the fore- 
gut, there are developed four pharyngeal 
pouches (fig. 1), the first three of which 
reach the ectoderm with their blind ends, 
while the fourth, relatively well developed, 
is separated from the ectoderm by meso- 
derm. 

The truncus arteriosus (fig. 1, 2) is con- 
tinued into a common vessel, representing 
a fusion of right and left aortae ventrales. 
Orally, beyond the level of the second pouch, 
this common vessel bifurcates into distinctly 
paired aortae ventrales (fig. 1, 2) which 
diverge strongly and can be followed as 
small blood vessels toward the mandibular 
arches, where they gradually disappear. 

The aorta dorsalis extends cranially as a 
single vessel to the level of the first thoracic 
segment. Here, it bifurcates into paired 
aortae dorsales (fig. 1). Orally, from the 
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first pharyngeal pouches, they become much 
smaller and, as arteriae carotides cerebrales, 
can be followed to the optic vesicles. 

The ventral and dorsal aortae are con- 
nected on the right, as well as on the left 
side, by four completely formed aortic 
arches, the second, third, fourth and sixth 
(fig. 1, 2). The sixth aortic arch arises 
from the caudal unpaired part of the aorta 
ventralis, forms a distinct caudal-convex 
curve, and unites on the left side with the 
fourth aortic arch, shortly before joining 
with aorta dorsalis (fig. 1). On the right 
side, shortly before joining with the aorta 
dorsalis, it is divided into two very short 
branches—the caudal one which goes di- 
rectly into the aorta, and the cranial one, 
which joins, in part, the fourth aortic arch. 
Between the two branches, there is formed 
a small, round mesodermal isle (fig. 2). 
From the caudal side of the sixth aortic 
arches arise the pulmonary arteries (fig. 
1, 2), small vessels which accompany the 
primitive trachea and run to the primordia 
of the lungs. 

The fourth aortic arch is larger than the 
sixth and arises from the unpaired middle 
part of the aorta ventralis. It bifurcates on 
the left side into two short branches shortly 
before joining the aorta dorsalis. The caudal 
branch joins the sixth aortic arch. The 
cranial one ends directly into the aorta dor- 
salis. Between the two branches and the 
ventral border of the aorta dorsalis lies a 
narrow, oblong mesodermal isle (fig. 1). 
Near its junction with the aorta dorsalis, 
the right fourth aortic arch is, in part, also 
united with the sixth aortic arch (fig. 2). 

The largest of the arches, the third aortic 
arch, arises from the cranial part of the 
unpaired aorta ventralis. In its dorsal third, 
it forms a distinct craniodorsal curve and 
empties into the aorta dorsalis with an en- 
larged end part (fig. 1, 2). 

The second aortic arch is, eompared with 
the others, much smaller (fig. 1, 2). It 
arises from the paired part of the aorta 
ventralis and can be distinctly followed to 
its junction with the aorta dorsalis on the 
right as well as on the left side. 

A little orally from the beginning of the 
second aortic arch, there arises from the 
aorta ventralis a very small blood vessel, 
which is, by its course into the mandibular 
arch, interpreted as the ventral part of the 
rudimentary first aortic arch (fig. 1, 2). 
From the aorta dorsalis more orally, there 


arises a corresponding dorsal part of the 
first aortic arch. A connection between the 
ventral and the dorsal part of the first aortic 
arch seems to be lacking. 

10-mm. CRL Embryo.—lIn this embryo, 
there are also four pharyngeal pouches, the 
first two of which reach the ectoderm. The 
fourth pouch on the right side shows a ven- 
trolaterally directed outpocketing, which, 
near its blind end, reaches a gap bordered 
by the sixth aortic arch and a_ vessel 
branching from it (fig. 3). 

The aorta dorsalis (fig. 3, 4, 5) becomes 
divided, in the transverse level of the pri- 
mordium of the first rib, into the paired 
aortae dorsales, the right of which is smaller 
than the left. Toward the first pharyngeal 
pouches, they gradually decrease in size and, 
as small vessels, the arteriae carotides cere- 
brales, continue to the primordium of hypo- 
physis cerebri. A little orally from the 
hypophysis cerebri, the arteriae carotides 
cerebrales are divided into two branches. 
The smaller one runs to the optic vesicle. 
The larger one forms the direct continua- 
tion of the arteria carotis cerebralis, passes 
ventrally close to the forebrain, and, with- 
out any special limitation, continues as the 
arteria vertebralis cerebralis. The latter 
runs close to its fellow as a very small, 
partly interrupted vessel on the ventral 
surface of the neural tube. Caudally, it 
gradually disappears. From the arteriae 
vertebrales cerebrales, numerous’ small 
branches for the neural tube arise. 

The truncus arteriosus is, in this stage, 
divided into two channels, the pulmonary 
and the aortic trunks. 

The pulmonary trunk (fig. 3, 4, 5) crosses 
the left side of the aortic trunk and bifur- 
cates into the two sixth aortic arches, the 
right of which appears a little smaller than 
the left. The pulmonary vessels arise from 
the caudal side of the two sixth arches. 
Compared with the pulmonary arteries of 
the preceding stage, these are larger and 
can be followed to the primordia of the 
lungs, where they accompany the primitive 
main bronchi. Beyond the origin of the pul- 
monary artery, the sixth aortic arch on the 
right side as well as on the left, fuses, al- 
though not completely, with the fourth 
aortic arch before joining the aorta dorsalis. 

From the cranial side of the right sixth 
aortic arch, there is given off a small blood 
vessel (fig. 3, 4) which bends dorsally and, 
after a short course between the sixth and 
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Fig. |\—Embryo, 7.5-mm. CRL. Reconstruction of the 
aortic arches and pharyngeal pouches. Left side. x 60. 
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Fig. 3—Embryo, 10-mm. CRL. Reconstruction of the 

aortic arches and pharyngeal pouches. Right side. 

The segmental arteries, the neural tube in part, and 
the primordium of the ear are also shown. x 25. 
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Fig. 2—Embryo, 7.5-mm. CRL. Diagram of the 


aortic 
arches. Right side. 
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Fig. 4—Embryo, 10-mm. CRL. Diagram of the aortic 
arches. Right side. 
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the fourth aortic arches, flows 
fused portion of the two arches. 
viously mentioned outpocketing of 
fourth pharyngeal pouch touches the gap 
between the sixth aortic arch and this 
vessel. On the left side, neither the respec- 
tive blood vessel nor the outpocketing of the 
fourth pharyngeal pouch was observed. Ac- 
cording to its location and its course, as 
well as to the time of its appearance, this 
blood vessel shows such a great similarity 
to those described by Tandler and others 
as a fifth aortic arch that it might be re- 
garded as a rudimentary fifth aortic arch. 

The aortic trunk (fig. 3, 4, 5) bifurcates 
in the transverse level of the third pharyn- 
geal pouch into right and left branches, the 
aortae ventrales, which can be followed as 
small blood vessels to the transverse level of 
the first pharyngeal pouch, where they 
gradually disappear. 

Compared with the other arches, the 
fourth arch is now the largest. On the left 
side, it is somewhat larger than on the 
right. At the point of fusion with the sixth 
aortic arches, there are on each side two 
mesodermal isles; one lies close to the ven- 
tral border of aorta dorsalis, and the other 
more ventrally (fig. 3, 4, 5). 

The third aortic arch is relatively small- 
er than in the preceding stage, and is about 
the same on both sides. It arises from the 
aorta ventralis close to the fourth arch, di- 
verges from it dorsally, and enlarges a little 
before joining the aorta dorsalis. It is sep- 
arated from the fourth aortic arch by a 
large gap, through which the third pharyn- 
geal pouch protrudes. 

On the right side, the second aortic arch 
arises from the aorta ventralis in the trans- 
verse level of the second pharyngeal pouwch. 
It can be followed as a very small vessel 
which joins the aorta dorsalis (fig. 3, 4). 

On the left side, the second aortic arch is 
interrupted, leaving as remnants a ventral 
part arising from the aorta ventralis and a 
dorsal part joining the aorta dorsalis. The 
dorsal part bifurcates into two branches 
which are separated by a small mesodermal 
isle (fig. 5). 

The first aortic arches are also inter- 
rupted, leaving only very small dorsal and 
ventral remnants (fig. 3, 4, 5). 

Segmental arteries arise on each side 
from the aortae dorsales. There are five 
such vessels on the right and four on the 
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left. On each side, these vessels are con- 
nected by longitudinal anastomoses (fig. 3, 
4,5). Furthermore, the first two segmental 
arteries on the left and the first segmental 
artery on the right are connected by anas- 
tomoses to the arteria vertebralis cerebralis. 


Fig. 5—Embryo, !0-mm. CRL. Reconstruction of the 

aortic arches and pharyngeal pouches. Left side. The 

segmental arteries, the neural tube in part, and the 
primordium of the ear are also shown. x 25. 
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SUMMARY 


In the 7.5-mm. horse embryo, four com- 
pletely formed aortic arches were observed 
on both sides, the second, third, fourth, and 
sixth. In the 10-mm. embryo, the same four 
complete arches were present on the right, 
but only three complete arches were present 
on the left, the third, fourth, and sixth. 

All the aortic arches in the 7.5-mm. em- 
bryo arise from the aortae ventrales, which 
are fused in their caudal and middle parts. 
In the 10-mm. embryo, the truncus arterio- 
sus is divided into pulmonary and aortic 
trunks. The pulmonary trunk bifurcates 
into the sixth aortic arches; the aortic trunk 
into the aortae ventrales, from which the 
first four aortic arches arise. 

The first aortic arch is degenerated in 
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both embryos and persists only in the form 
of ventral and dorsal remnants. 

The second aortic arch in the 7.5-mm. em- 
bryo is completely formed on each side, 
while, in the 10-mm. embryo, it is inter- 
rupted on the left side. 

The third, fourth, and sixth aortic arches 
are distinctly formed in both embryos. On 
both sides, particularly in the 10-mm. em- 
bryo, the fourth and sixth arches are fused 
in their dorsal halves. There, mesodermal 
isles, similar to those described by Tandler 
in man and rat, were observed. 

From caudal side of the sixth aortic 
arches in both embryos, the anlagen of the 
pulmonary arteries ¢xtend to the primordia 
of the lungs. 

A small blood vessel arising from the 
sixth aortic arch was observed on the right 
side in the 10-mm. embryo. This might be 
interpreted as a rudimentary fifth aortic 
arch. After a short course, it joins the 
fused portion of the fourth and the sixth 
aortic arches. It appears after the truncus 
arteriosus is divided into the aortic and the 
pulmonary trunks. This agrees‘with the 
point emphasized by Tandler in his reports 
on man and rat embryos. 

A small outpdckéting of the fourth phar- 
yngeal pouch reaches the area between the 
sixth and fifth aortic arches. This might be 
regarded as a fifth pharyngeal pouch. 
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Studies on the Hematology of the Thoroughbred Horse 
IV. Barren Mares 


M. F. HANSEN, Ph. D.; A. C. TODD, Ph.D.; G. W. KELLEY, B.S.; and M. CAWEIN, B.A. 
Lexington, Kentucky 


THE FIRST THREE papers of this series gave 
detailed information on erythrocyte and 
leucocyte counts, hemoglobin content, 
packed volume of erythrocytes, mean cor- 
puscular volume, and mean corpuscular 
hemoglobin concentration of Thoroughbred 
mares in foal, weanlings, and stallions.’: 2. * 
MacLeod et al.,4 in a study of the blood pic- 
ture of the Thoroughbred, reported the 
mean values for erythrocyte and leucocyte 
counts, hemoglobin content, and differential 
counts of 18 barren mares. The present 
study has utilized a population of 70 healthy 
barren mares and has extended MacLeod’s 
study by reporting results on the packed 
volume of erythrocytes, mean cell volume, 
and mean corpuscular hemoglobin concen- 
tration, together with statistical analyses 
and measurenients of reliability of the re- 
sults. 


METHODS 


The laboratory techniques and measurement 
of technical error were the same in the present 
study as those which were reported in the first 
paper of this series.’ 

All blood samples were collected between 8 
and 9 a. m. The barren mares had been in 
their stalls at least two hours before they were 
bled. None of the barren mares used in this 
study showed undue excitement before or dur- 
ing the time the blood samples were collected. 
None of the mares were twitched. 

Arithmetic averages, standard deviations, 
and standard errors of each of the six blood 
values were obtained. Curves representing 
normal probability were fitted to each distribu- 
tion and their “goodness of fit” was tested by 
use of chi square. A measure of skewness 
utilizing the median and mean was used. 


RESULTS AND DISCUSSION 


In table 1, the values are given for the 


The investigation reported in this paper is in 
connection with a project of the Kentucky Agricul- 
tural Experiment Station and is published by per- 
mission of the director. 

From the Department of Animal Pathology, Ken- 
tucky Agricultural Experiment Station, Lexington. 

The authors express their appreciation. to W. R. 
McGee, D.V.M., for his assistance in bleeding and 
selecting healthy Thoroughbred barren mares. 


ranges, medians, arithmetic means, and 
standard deviations, as well as standard 
errors of the means and standard devia- 
tions for each of the six blood values of 70 
healthy Thoroughbred barren mares. 

Even though the six reported blood values 
varied considerably from mare to mare, 
as shown by the ranges and standard devia- 
tions, the arithmetic averages appear quite 
reliable. The arithmetic averages of the 
six blood values have a two to one chance 
of being correct within about 2.0 per cent. 

The mean count of 9,940,000 erythro- 
cytes per cubic millimeter reported in this 
paper is higher than the mean count of 
8,800,000 erythrocytes per cubic millimeter 
reported by MacLeod et al.4 for barren 
mares. The difference in the mean erythro- 
cyte counts found in the two studies is due, 
perhaps, to the difference in the number of 
mares studied. Our mean value of 13.8 Gm. 
of hemoglobin per 100 ml. of blood is higher 
than the 13.4 Gm. per 100 ml. of blood re- 
ported by MacLeod et al.4 The higher mean 
hemoglobin value reported in the present 
paper is consistent with the reported higher 
erythrocyte count. 

The two studies are in fair agreement in 
reporting a mean number of leucocytes of 
10,400 and 9,900 cells per cubic millimeter. 
The present study showed a ratio of nearly 
one to one neutrophils to lymphocytes, while 
MacLeod et al.* obtained a ratio of approxi- 
mately two to one. They reported about 
three times more eosinophils than we found 
in our study. Variations in types of leuco- 
cytes in studies such as these are to be 
expected, in view of the fact that conditions 
influencing the types of leucocytes are 
numerous and difficult to control. 

The distributions of five of the blood 
values appeared not to be more skewed than 
might result from sampling error (fig. 1). 
However, the mean corpuscular hemoglobin 
concentration showed approximate signifi- 
cance levels of agreement with a normal 
curve at only the 15 per cent level for 
chi-square probabilities. 
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The levels at which parasite burdens were 
observed on different farms in central Ken- 
tucky were not sufficient to influence the 
blood values in the various categories of 
Shenengnbests studied in previous reports 
by Hansen.!: *.* No apparent influence was 
exerted by inthe on the blood values 
reported in this paper. A group of 10 mares 


TABLE I—Blood Picture of 70 Healthy Thoroughbred Barren Mares in Central Kentucky 


Packed 
volume of 
erythrocytes 
(% 


Hemoglobin 


Erythrocytes 
(Gm./100 ml.) 


Measure (10*/cmm.) 


Range 
Median 


$.01—11.79 119—16.0  35.0- 


9.96 13.9 


Arithmetic 


mean and s.e.* 9.94 + 0.108 13.83 + 0.131 


Standard 


deviation 0.90 + 0.076 1.10 + 0.092 


Leucocytes ) 


Measure Neutrophils 


5.0 — 63.0 


29 5 


Range 
48.2 


Arithmetic mean and s.e + 0.914 


Standard deviation 7.64 8.70 


*Standard error. 


on one of the farms visited had egg counts 
which ranged from 0 to 580 (ave. 267) 
strongyle eggs per gram of feces. The fol- 
lowing average blood picture of 10 barren 
mares on this farm was noted: erythro- 
cytes, 10,065,000 per cubic millimeter; 
hemoglobin, 13.7 Gm. per 100 ml. of blood. 
On the second farm, which uses low level 
phenothiazine therapy for prevention and 
removal of parasitic infection, the fecal 
egg counts of 10 mares revealed that all 
but 1 of 10 mares had negative fecal sam- 
ples; the 1 mare which had a positive fecal 
egg count showed 16 strongyle eggs per 
gram of feces. The average erythrocyte 
count and hemoglobin content were 
10,133,000 per cubic millimeter, and 13.9 
Gm. per 100 ml. of blood, respectively. The 
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42.8 
43.05 + 0.405 


3.38 + 0.285 


Ly mphoe ytes 
71 


44.5 + 1.040 
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parasite burden in the mares on these two 
farms is representative for all the mares 
reported in the present study. 


SUMMARY 


1) A study of the blood picture of 70 
healthy Thoroughbred barren mares re- 
vealed the following average blood values 


Mean 

corpuscular 
volume hemoglobin 
(cubic concentration 

microns) (% 


29.3 — 34.8 
32.2 


Mean 
corpuscular 


Leucocytes 
(168/emm.) 


7.10 — 14.10 
10.37 43.2 


49 0 37.0 — 49.1 


10.37 + 0.200 43.17 + 0.293 32.10 + 0.149 


1.68 + + 0. 141 2.45 + 0.207 


1.25 + 0.105 


Monoc: yte s 


Basophils 


Eosinophils 
0.5 — 
4.6 + 0.887 


0.5 —2.5 
0.5 + 0.029 
0.24 


5 5—6.0 11.5 
1.7 + 0.157 
1.31 


7.42 


and their standard errors: erythrocytes, 
9.94 + 0.108 million per cubic millimeter; 
hemoglobin, 13.83 + 0.131 Gm. per 100 ml. 
of blood; packed volume of erythrocytes, 
43.05 + 0.405 per cent; leucocytes, 10.37 + 
0.200 thousand per cubic millimeter; mean 
corpuscular volume, 43.17 + 0.293 cubic 
microns; and a mean corpuscular hemoglo- 
bin concentration of 32.10+ 0.149 per cent. 

2) The differential leucocyte counts 
showed the following mean percentages and 
standard errors: neutrophils, 48.2 + 0.914; 
lymphocytes, 44.5 + 1.040; monocytes, 1.7 
+ 0.157; eosinophils, 4.6 + 0.887; and 
basophils, 0.5 + 0.029. 

3) The results of chi-square tests of 
agreement between the observed distribu- 
tions and theoretic distributions of the 


Legend for Illustration on Opposite Page 


Fig. 1—The histograms represent the observed frequency distributions and the polygons represent the 

theoretic distributions for the erythrocytes in millions per cubic millimeter, hemoglobin content, leuco- 

cytes in thousands per cubic millimeter, mean corpuscular volume, and the mean corp lar h ! 
concentration: 


blood values according to a normal curve, 
together with measurement of skewness, 
indicate that a normal curve of error is 
applicable to the distributions, with the 
possible exception of the mean corpuscular 
hemoglobin concentration. 
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The Incidence of Salmonella Infections in Dogs and Cats 
in a Nonurban Area 


JOHN R. GORHAM, D.V.M., M.S., and FLORIS M. GARNER, B.S., D.V.M. 


Pullman, Washington 


BECAUSE OF the recent work of Wolff et al.' 
on the incidence of Salmonella organisms in 
dogs, a similar survey was undertaken at 
the College of Veterinary Medicine, State 
College of Washington, Pullman. The pur- 
pose of this investigation was to determine 


the incidence of Salmonella and other pos- : 


sible enteric pathogens in dogs and cats in 
a nonurban area. The survey comprised a 
total of 809 dogs and 91 cats. 


LITERATURE 


Wolff et al.'° and Edwards et al.’ have ade- 
quately reviewed the literature regarding the 
isolation of Salmonella spp. from dogs. In ad- 
dition to these reviews, they have reported new 
species. 

Isolations of Salmonella from the cat are un- 
common. Hutyra, Marek, and Manninger' sug- 
gested that the observations of Mori, Reichel, 
Mumma, and Boucek may be indicative of Sal- 
monella infections. The same authors cited 
Hindle and Findlay as finding Bacterium 
typhimurium* appearing secondarily in infec- 
tious gastroenteritis. Salsamendi’ isolated 
Salmonella anatum from a case of fatal en- 
teritis. Van Dorssen, cited by Topley and Wil- 
son,” believes Salmonella typhimurium may be 
responsible for enteritis in cats. Wollenweber, 
Wiistenberg and K6nig’ reported a case in 
which a human patient acquired an infection 
from a cat which had died from a S. typhimu- 
rium infection. Kauffmann and Henningsen* 
demonstrated the presence of a new species 
from a man having gastroenteritis and from 
his cat which had died of a bloody diarrhea. 
They suggested the name Salmonella braen- 
derup. Mera’ found Salmonella paratyphi A 
in a case of pyometra in a cat. McNeill and 
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Hinshaw” found cats to be carriers of S. 
typhimurium. Taylor, cited by Topley and 
Wilson," isolated Salmonella concord from 
gastroenteritis in a child and from her cat. 
Edwards et al.* reported the isolation of S. 
typhimurium and Salmonella choleraesuis from 
cats. At the Board of Health Laboratory in 
Hawaii,” Salmonella montevideo was isolated 
from egg powder. Inadvertently, this powder 
was fed to a cat. In a few days, it developed 
a marked enteritis, and S. montevideo was iso- 
lated from the feces. 

In an experimental trial, Rettger, Slanetz, 
and McAlpine “ gave cultures of Salmonella 
pullorum, along with egg yolks infected with 
the same organisms, to young rabbits and kit- 
tens. Approximately, three days after the 
experimental feeding, the kittens exhibited a 
diarrhea which persisted for three days longer. 
At the end of the feeding trials, the kittens 
were killed. A _ histopathologic examination 
was not made and no gross lesions were ob- 
served. Agglutination tests were made on the 
serums of the kittens, but no reactions were 
noted. They did not isolate S. pullorum from 
the blood or internal organs, and they con- 
cluded from this finding that the intestinal dis- 
turbance was caused by bacterial toxins. While 
there were no fatalities among the kittens, 18 
of the 21 rabbits died. In every instance, S. 
pullorum was isolated from the blood of those 
rabbits which died. 


METHODS 


One gram of feces, obtained from clinical 
cases or intestinal contents at necropsy, were 
suspended in 10 cc. of Kauffmann’s" tetra- 
thionate broth and incubated overnight at 
37.5 C. On the second day, a plate of Kauff- 
mann’s" brilliant green agar and an SS (Difco) 
plate were streaked from the broth and incu- 
bated. On the following day, typical colonies 
from the plates were cultured on Kligler 
slants, followed by culturing in urease medium 
(BBL**) to differentiate Proteus spp. and Fel- 
senfeld’s sucrose, lactose, and salicin medium 
for twenty-five days to differentiate para- 
colons. Cultures exhibiting typical biochemi- 
cal reactions were submitted for serologic 
confirmation. 

RESULTS 
The data we have collected are summa- 
**Baltimore Biological Laboratory. 


(35) 


| | 


36 JOHN R. GORHAM AND FLorRIS M. GARNER AM. 


rized in table 1. Of the 809 dogs cultured, 
Salmonella spp. were found in ten speci- 
mens. 

In only one instance was the isolation of 
Salmonella associated with enteritis. In this 
particular case, Salmonella newington was 
recovered from the feces of a 10-year-old 
Chow having a history of chronic enteritis 
with intermittent diarrhea. The remaining 
nine Salmonella cultures were isolated from 
dogs showing no apparent clinical evidence 
of gastroenteritis. 

Arizona paracolon 014: H 1,2,5 was iso- 
lated from the feces of a dog showing symp- 
toms of enteritis. Paracolon 29911 appeared 
in the feces of apparently normal dogs, as 
well as in that of dogs exhibiting enteritis. 

Pseudomonas was isolated in pure culture 
on enteric plates from 2 cases of hemor- 
rhagic gastroenteritis. In both of these 
cases, the dogs succumbed. 

No Salmonella cultures were isolated from 
the feces of the 91 cats. In a majority of 
the cats showing gastroenteritis, paracolon 
29911 was found in the feces. Strains of 


this same paracolon group were, however, 
found in the feces of apparently normal cats. 


DISCUSSION 


The incidence of Salmonella infection in 
the dogs of this area is approximately 1 
per cent. This finding is much lower than 
the report of Wolff and his co-workers, who 
recovered Salmonella types from the feces 
of 18 of the 100 dogs examined. This dif- 
ferential in percentages might be explained 
by a consideration of the source of samples. 
Wolff et al.’ obtained their specimens for 
culture from a metropolitan area, which 
may be more conducive to dog infection. The 
samples for this survey were obtained from 
dogs raised on farms and in a small com- 
munity. No samples were obtained from 
dogs in kennels. Occasionally, however, the 
dogs from the local pound were included. 
Since this is a college town, the dogs are 
often drawn from widely scattered areas, 
which might provide additional sources of 
infection. 

Since this survey was completed, Galton!® 
has reported a modification of tetrathionate 
brilliant green bile broth for the inhibition 
of Proteus. She found, in a controlled trial, 
that the addition of sulfathiazole increased 
the Salmonella isolations by 38 per cent. It 
is regrettable that this modification was not 
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available at the time of our survey, since it 
probably would have increased our per- 
centage of isolations. 

We have found members of the genus 
Proteus occurring in the feces in an ex- 


TABLE I—Salmonella Isolations from Dogs* 


Species of Salmonella 
isolated 

Salmonella meleagridis 
Salmonella meleagridis 
Salmonella meleagridis 
Salmonella anatum 
Salmonella anatum 
Salmonella anatum 
Salmonella worthington 


Salmonella derby 
Salmonella 

new brunswick 
Salmonella newington 


Clinical-pathologic 
diagnosis 

Helminthiasis 
Helminthiasis 
Board only 
Odphorectomy 
Fractured pelvis 
Oéphorectomy 
Demyelinating 

encephalitis 
Pediculosis 
Odéphorectomy 


Chronic enteritis 


*All isolations in this group were made from 
feces. The feces in all cases were normal in con- 
sistency and form, excepting the dog in which 
Salmonella newington was isolated. This dog 
showed a diarrhea 


tremely high percentage of apparently nor- 
mal dogs and in dogs affected with a wide 
variety of nonenteric conditions. We can, 
therefore, attach no etiologic significance to 
the presence of this organism in the feces 
of dogs showing an enteric syndrome. Be- 
cause there has been some question as to 
the pathogenicity of this species in relation 
to enteritis, we have written a number of 
investigators to substantiate our findings. 

Wolff!* reported, “In our work we made 
no attempt to correlate the isolations of Pro- 
teus with clinical symptoms. We also en- 
countered difficulty, at first, in eliminating 
Proteus in our differential media. Judging 
from the frequency with which the organ- 
isms occurred in our limited study, I would 
surmise that little pathogenicity could be 
attributed to this species.” 

Galton’? of the Florida State Board of 
Health reported, “In our examination of 
some 2,500 specimens from dogs, we have 
made no tabulation, as yet, on the percent- 
age of Proteus isolated, or whether they 
were from normal or sick animals. In fact, 
our efforts have been concentrated on meth- 
ods of inhibiting Proteus without interfer- 
ing with the growth of Salmonella. Gen- 
erally, we have observed that Proteus does 
appear in a very high percentage of normal 
and sick dogs. Like you, we believe that 
Proteus spp. are part of the normal intes- 
tinal flora of dogs.” 

Judefind,'® College 
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gelists, reported, “Unlike human stools, we 
find that canine stools have a high concen- 
tration of Proteus, which is apparently a 
part of the normal flora of the dog’s intes- 
tine. This observation has been made by all 
other workers, with whom we have corre- 
sponded, who are engaged in this work.” 

Adler,!? in a Salmonella survey in Hawaii 
on 295 apparently healthy dogs, found, 
using tetrathionate broth for selection and 
enrichment, that approximately 75 per cent 
of all organisms picked from SS agar plates 
were members of the genus Proteus. 

From these observations, it would appear 
that Craige’s!®?° contention that Proteus 
organisms are an etiologic agent of acute 
and chronic dysentery in the dog is without 
sound basis, since such organisms can be 


isolated from the feces of apparently nor- 
mal dogs. 


SUMMARY 


1) The first isolation from degs of Sal- 
monella new brunswick and arizona para- 
colon 014: H 1,2,5 is reported. 

2) Organisms of the paracclon group 
29911 were found in the feces of apparently 
normal dogs and cats and dogs and cats ex- 
hibiting a diarrhea. 

3) Pseudomonas was isolated in pure 
culture on enteric plates in 2 fatal cases 
of hemorrhagic gastroenteritis in dogs. 

4) It would appear that members of the 
genus Proteus belong to the normal intes- 
tinal flora of the dog. 
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Observations on Infectious Canine Hepatitis 


D. L. T. SMITH, D.V.M. 
Guelph, Ontario 


SINCE THE classical mone traph of the Swed- 
ish worker Rubarth' was published in 
1947, infectious canine hepatitis (ICH) has 
been reported by Coffin,? Riser,* and others 
in the United States and by Innes* ° in 
England. This virus disease undoubtedly 
has widespread distribution. Cawdry and 
Scott,“ Green,? DeMonbreun,*® Bloom,® and 
others observed certain features of this in- 
fection in dogs, but it remained for the 
comprehensive researches of Rubarth' to 
establish ICH firmly as a disease entity. 

Infectious canine hepatitis was first rec- 
ognized in Canada, by the writer, in 1947. 
In the two-year period ending March 31, 
1949, our files record a total of 482 autop- 
sies on dogs. Among these, the virus dis- 
eases are represented by 53 cases of dis- 
temper, 13 cases of encephalitis, and 18 
cases of ICH. This would seem to indicate 
that ICH is one of the major virus diseases 
affecting dogs that claim our attention. 

Age of Occurrence.—Sixteen of the 18 dogs 
which died of ICH were under the age of 6 
months, 1 was a year old, and 1 was 7 years 
old. 

Clinical Symptoms.—The symptoms observed 
in all of the 18 dogs appeared to be those of a 
rapidly fatal disease. In 3 cases, death oc- 
curred so suddenly that the owners suspected 
poisoning. In 3 others, the only symptoms noted 
were partial anorexia and listlessness for ap- 
proximately twelve to twenty-four hours be- 
fore death. In the majority of cases, symp- 
toms appeared from one to three days prior 
to death and consisted of iistlessness, complete 
anorexia, high fever, becoming subnormal ter- 
minally, abdominal tenderness, pernicious 
vomiting, with vomitus consisting of frothy 
yellow fluid in later stages, diarrhea in some 
instances, and coma shortly before death. 
Symptoms of encephalitis were not observed, 
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and jaundice was not a feature of any of the 
cases. Three dogs showed edema of the head 
and cervical region and 1 dog developed a bilat- 
eral corneal opacity. 

Pathology.—-In the material examined by us, 
the principal gross lesions listed in order of 
frequency were edema of the gall bladder 
(present to some extent in all cases), serous or 
serosanguineous exudate in the peritoneal ana 
pleural cavities, a slight deposit of fibrin giv- 
ing a frosted appearance to the surface of the 
abdominal viscera, enlargement of the lymph 
nodes and spleen (usually hemorrhagic), edema 
of the heart valves, subserous hemorrhages in 
the abdominal and thoracic viscera, and hem- 
orrhagiec gastroenteritis. 

The histopathologic features of our cases 
were similar to those described and illustrated 
by Rubarth.’ Typical intranuclear inclusions 
were consistently seen in the endothelial, 
reticulo-endothelial, and hepatic cells. Necro- 
biosis, congestion, and hemorrhage were ob- 
served in the liver centrolobularly and in the 
germinal centers of the lymph nodes and 
spleen. 

Errors in diagnosis were made at first, due 
to the presence of markedly eosinophilic intra- 
nuclear bodies present in the liver cells which 
simulate virus inclusions. These bodies were 
associated with passive congestion, increased 
blood pigment, and regressive changes in the 
parenchyma. As pointed out by Rubarth,' a 
ready means of differentiating these bodies 
from ICH inclusions is afforded by the marked 
affinity of the former for acid dyes and the 
tendency to assume crystalline forms. 


EXPERIMENTAL 


In our experience, mortality due to ICH was, 
in most instances, sporadic. Frequently, only 
1 animal died in a neighborhood or even in 
kennels where numbers of young dogs were 
closely associated. These observations, and the 
fact that preliminary transmission tests pro- 
duced mild symptoms only, led us to consider 
the possibility of a cataphylactic agent hav- 
ing significance in this disease. 

Rubarth’ observed that treatment with tetra- 
chloroethylene for intestinal parasites fre- 
quently preceded death due to ICH. He sug- 
gested that this “provocative effect” of the 
anthelmintic was brought about either directly 
by injury to the intestinal mucous membrane 
and liver or indirectly through release of 
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parasitic allergens or by activation of a latent 
virus. A check of our autopsy material re- 
vealed that, in at least 5 of the 18 cases of 
ICH, tetrachloroethylene was given just prior 
to or during the course of the disease. 

The following experiments were designed to 
determine the effect of the administration of 
tetrachloroethylene on the course of experi- 
mentally induced ICH. 

Materials and Methods.—Seventeen mon- 
grel dogs representing four litters were used. 
The dogs varied in age from 2 to 4 months at 
time of exposure to the virus. During the 
experiment, the dogs were fed milk mixed with 
equal parts of fresh horse meat and prepared 
commercial dog meal. 

Fecal samples were examined and ascarid 
eggs were demonstrated in the feces of every 
dog. Temperatures were recorded and a se- 
ries of leucocyte counts were made to estab- 
lish the normal for each animal prior to 
injection of the infectious material. 

Infectious material from four different 
sources, fresh or in the frozen state, was used 


Temperature (F.) 
W.B.C.'.s (Thousands / cmm.) 
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during the course of the experiment. The liver 
and, in some instances, lymph nodes and spleen 
containing the virus were emulsified in a 
Waring blendor and diluted in Ringer’s solu- 
tion to make a 25 per cent suspension. After 
centrifugation for fifteen minutes at 2,000 
revolutions per minute, the supernatant was 
removed and used immediately to infect the 
dogs. At the time of exposure to infection, 
each dog was given 20 cc. of the prepared 
material intraperitoneally, 2 cc. subcutaneously, 
30 cc. orally, and a few drops were instilled into 
the conjunctival sac and nasal passages. 

Of the original group of 17 dogs, 5 were 
destroyed during the course of the experiment 
to check the infectivity of the inoculum by the 
demonstration of virus inclusion bodies of 
ICH. Fresh infective material was also ob- 
tained from these dogs. 

The dogs remaining were subjected to the 
following procedures: 

group 1, 6 dogs, given virus only; 


group 2, 3 dogs, given 1 ec. of tetrachloro- 


5 6 


3 
Days after exposure to virus 


Fig. |—The mean values of temperature and total white blood cell counts of 12 dogs experimentally 
infected with canine hepatitis virus. 
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ethylene followed twelve hours later by ex- 
posure to the virus; 

group 3, 3 dogs, given 1 cc. of tetrachloro- 
ethylene at time of exposure to the virus 
and a second dose of 0.5 cc. when the tem- 
perature was elevated, during the course of 
the subsequent infection. 
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RESULTS 


Four of the dogs were noted to pass large 
numbers of roundworms following adminis- 
tration of tetrachloroethylene. 

All the dogs responded to the virus by a 
rise in temperature ranging from 1.5 to 3.6 


W.B.C. 


Temp. 


4 5 6 
er exposure to virus 


Fig. 4—Dog from group | given virus only. (A litter mate of dog represented in fig. 5.} 


The experiment was controlled by having 
each dog in group 1 represented by a litter 
mate in one of the other groups. Each pair of 
litter mates, so placed, were infected with the 
same lot of material at the same time and kept 
together in one pen. 


Legends for Illustrations on Opposite Page 


Fig. 2 (top)—Dog from group | given virus only. (A 
litter mate of dog represented in fig. 3.) 


Fig. 3—Dog from group 2 given | cc. of tetrachloro- 
ethylene twelve hours before exposure to virus. 


F. and a decrease in the number of circulat- 
ing leucocytes to less than one half of the 
normal number. The decrease im white 
blood cells was chiefly due to a lymphopenia. 
These changes commenced from one to five 
days after exposure. They persisted for 
twenty-four to forty-eight hours and then, 
in most cases, there was a rapid return to 
normal. Figure 1 illustrates the mean val- 
ues of temperature and total leucocyte 
counts of the 12 dogs. 

It was noted that, in each pair of dogs, 
the length of the incubation period of the 
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subject and control corresponded very 
closely. The variation in incubation period 
between pairs, therefore, was attributed to 
the variable infectivity of the inoculum. 

On the basis of temperature, leucocyte 
count, and other symptoms, no significant 
differences in severity of infection were dis- 
cernible between the dogs given tetrachloro- 
ethylene and their corresponding untreated 
litter mates. 

A record of the temperatures, total leu- 
cocyte counts, and the extremes of incuba- 
tion period are shown graphically in fig. 2, 
3, 4, and 5. 

Dogs represented by fig. 2 and 4 were 
from group 1 and were treated exactly the 
same as their litter mates represented by 
fig. 3 and 5, respectively, except that, in 
addition to the virus, the dog in fig. 3 re- 
ceived one dose and the dog in fig. 5 re- 
ceived two doses of tetrachloroethylene. 
These graphs are representative of each of 
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W.B.C.'s (Thousands / cmm.) 


Temperature (F.) 
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the groups. Similar curves are obtained 
when the results of the subject and control 
from each of the other four pairs of dogs 
are compared. It is seen that the course 
of the disease is essentially the same in 
each group. 

None of the dogs died during the course 
of the experiment. However, one pair was 
listless and exhibited complete anorexia, 
vomiting, and diarrhea. On the eleventh 
day after exposure to infection, 1 of these 
dogs developed bilateral corneal opacity. 
Apart from pyrexia and leucopenia, the 
symptoms exhibited by the other dogs were 
mild and consisted of varying degrees of 
anorexia and intestinal disturbance. 


DISCUSSION 
It must be concluded that, under the con- 
ditions of this experiment, treatment with 
tetrachloroethylene has no significant influ- 
ence on the course of experimentally pro- 
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Fig. 5—Dog from group 3 given two doses of tetra-hloroethylene. 
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duced ICH. Considering that the dose of 
the drug used wae in excess of the therapeu- 
tic dose usually employed, it would be rea- 
sonable to assume that this observation 
would apply for natural infection. 

The high incidence of recovery in experi- 
mentally produced ICH, in spite of massive 
doses of the infectious material, indicates 
that the virus must be augmented or the 
resistance of the individual lowered in some 
way before the infection results in death. 
Since this disease appears to produce its ef- 
fect largely through damage to the liver, 
one could hypothesize that a deficiency of 
the liver-protective factors, e.g., cystine, 
contribute to the severity of the disease. 

The constant appearance of a marked leu- 
copenia associated with an elevation of 
temperature during the course of the ex- 
perimentally produced disease is an inter- 
esting observation. It seems likely that 
these features may have significance in 
making a differential diagnosis. 


SUMMARY 


1) Infectious canine hepatitis (ICH) is 
reported and is considered to be an impor- 
tant virus disease affecting dogs in Canada. 


2) The main clinical and pathologic fea-- 


tures of the disease are discussed. 

3) During the course of the experimen- 
tally produced disease, pyrexia and leucope- 
nia were observed to coexist. The possibility 
of this finding having diagnostic signifi- 
cance is suggested. 

4) No evidence of a cataphylactic effect 
of tetrachloroethylene in ICH could be 
demonstrated in experimentally infected 
dogs. 
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INFECTIOUS CANINE HEPATITIS 


DIscUSSION 


Dr. D. L. Corrin (Mass.): Have you followed the 
blood picture for a considerable time after the de- 
cline of blood temperature to the preinjection level 
or below, and has there been a shift in the relation 
ship between lymphocytes and neutrophils? 

We have noticed marked leucopenia and a pre- 
ponderance of Iymphocytes during the terminal 
phase of the natural disease, after the temperature 
has subsided to subnormal. 

Dre. D. L. T. (Ont.3: In our experimentally 
infected dogs, we have had a lymphopenia and cer- 
tainly there was some decrease in neutrophils. The 
tremendous drop in total count was due chietly to 
lack of lymphocytes. We were unable to follow the 
blood picture through the terminal phase, as none 
of them died. 

Dr. Corrin: We found an excess of lymphocytes 
toward the terminal phase of natural infection, but 
our problem is to decide whether it is a phenomenon 
associated with approaching death or a_ specific 
product of the disease. We can not differentiate. 
One other observation may have diagnostic signifi- 
cance—the sedimentation rates have been normal or 
slow in the animals, in the few pictures we have had, 

De. SMITH: We did not take any sedimentation 
rates, but we found, in those dogs most seriously 
affected, that the bleeding time was increased. 

Mags. T. C. Jones (D. C.): I was interested in the 
point Dr. Smith made about influences affecting a 
fatal outcome in this disease. We have recently ob- 
served this disease in association with subacute 
leptospirosis. We postulate that we have a suba- 
cute leptospirosis of some duration. Then, subse- 
quent infection with hepatitis virus results in an 
acute, rapidly fatal case of infectious hepatitis. 
Have you seen these two diseases in association? 

Dr. SMITH: No, we have not, nor does the his- 
tologic picture in our Cases suggest such a possibil- 
ity. However, we have not made our examination 
with this point in view, and we are indebted to you 
for the suggestion. We will certainly observe future 
cases, but to date we have had no indication that 
the two diseases have been associated 

Dre. C. L. Davis (Colo.) Since several of these 
cases Were confused with acute poisoning, | would 
like to cite a case that was diagnosed as ANTU 
poisoning, because of excessive edema. The young 
dog apparently normal was dead the following day. 

Autopsy showed an excessive amount of thoracic 
and pericardial involvement and, on that basis, 
ANTU poisoning was diagnosed. However, tissues 
were examined, and we found it to be a typical case 
of infectious canine hepatitis. So, in an area where 
ANTU is being used as a poison, do not pass up 
pulmonary edema as a case of ANTU poisoning: 
remember there is a possibility of complication with 
hepatitis. 

Dre. SmitrH: Did you observe the gall bladder? 

Dr. Davis: Yes, it was as you pointed out. 

Dr. SmirH: That would be a differential diagnos- 
tic feature between hepatitis and ANTU poisoning. 

Dr. R. A, RUNNELS (Mich.) : How frequently was 
tonsillitis one of the lesions in your 17 dogs? 

Dr. SMitH: Tonsillitis was observed in only 4 of 
the natural cases. However, it may have been over- 
looked in recording some of the cases. In none of 
the dogs that we experimentally infected did we find 
tonsillitis. 1 looked for that carefully daily. Even 
those that showed the most marked symptoms gave 
no evidence of tonsillitis 

Dre. E. L. JUNGHERR 
pathology observed? 

Dr. SmMitH: We did observe in several dogs the 
inclusion bodies, described by Rubarth, in the en- 
dothelial cells lining the blood vessels, but no other 
significant changes were noted, We thought at one 
time that, in spite of lack of nervous symptoms, 
encephalitis might be associated, and examined 
earefully for inflammation but none was found. 


(Conn. ) Was any brain 
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Newcastle Disease (Avian Pneumoencephalitis) in Hawaii 


H. E. ADLER, B.S., D.V.M.; E. H. WILLERS, D.V.M.; and J. CAMPBELL, B.A. 


Honolulu, Hawaii 


THE POULTRYMEN of Hawaii import a large 
portion of their hatching eggs, chicks, and 
adult game birds from many parts of the 
mainland where Newcastle disease (ND) 
has been diagnosed. With these facts in 
view, the Territorial Division of Animal 
Industry had, for some time, anticipated an 
outbreak of ND. In August, 1947, the typi- 
cal symptoms of ND were seen on a large 
poultry farm on the island of Oahu. Birds 
and blood samples were sent for diagnosis 
to Dr. J. R. Beach of the University of 
California, Davis, Calif. Newcastle disease 
virus (NDV) was isolated and some of the 
birds were refractory to virus challenge. 
The blood samples were positive for anti- 
hemagglutinins of ND at high titers. 
Guinea fowl chicks from this farm, which 
were also checked at the University of 
California, did not show symptoms of the 
disease but were positive on hemagglutina- 
tion-inhibition (HI) tests and refractory to 
virus challenge. Japanese doves on the 
premises were negative on HI tests and suc- 
cumbed to virus challenge. 

For two months following this outbreak, 
birds on the island of Oahu suspected of 
having ND were selected and blood samples 
were drawn from them. These samples were 
sent to Dr. Beach. He reported that eight 
flocks, in addition to the first group tested, 
gave positive HI tests or harbored birds 
that were refractory to virus challenge. 

Quarantine of the island of Oahu and of 
farms whose birds were infected was in- 
stituted. At the request of the poultry in- 
dustry, a regulation was enacted which re- 
quired imported birds to come from flocks 
that had not shown signs of ND sixty days 
prior to shipment. 

In March, 1948, the Territorial Division 


From the Board of Agriculture and Forestry, 
Honolulu, Hawaii. At the time this work was done, 
Dr. Adler was veterinary pathologist for the Board 
of Agriculture and Forestry and, at present, is at 
the College of Veterinary Medicine, State College of 
Washington, Pullman. Dr. Willers is territorial 
veterinarian with the Board of Agriculture and 
Forestry. Mr. Campbell is at the Mokuleia Ranch, 
Hawaii. 

The author wishes to express his appreciation to 
Dr. J. R. Beach for his codperation in this study, 
and to the laboratory staff, Mr. Henry Ho, Miss 
Edith Asano, and Miss Otsuko Agai. 


‘dividual boxes via common carrier 


of Animal Industry Laboratory inaugurated 
an ND survey of the island. Repeated tests 
of the flock from the first outbreak diag- 
nosed on Oahu were negative on those birds 
which had been brought into the flock after 
the clean up* and rest program** was car- 
ried out. At this time, some of the birds 
involved in the original outbreak still ex- 
hibited diagnostic HI titers. 

A total of 154 blood samples were taken 
at random from the larger flocks of the 
neighboring islands. Only one flock exhibit- 
ed positive HI and neutralization tests. As 
related by the owner, there was no history 
or indication of any previous infection. 
From this preliminary survey, it appeared 
that the outer islands did not show a high 
incidence of reactors to the HI test. 

The field veterinary staff noticed respira- 
tory symptoms in some imported adult 
game birds. These birds had traveled in in- 
(train 
and ship) from many parts of the mainland. 
Most of the birds had a clean bill of health 
issued by the inspecting veterinarian at 
the start of their journey to Hawaii. Blood 
samples taken from these birds at the dock 
as they arrived revealed 58 HI positive 
tests out of 124. Many of the birds had 
rising HI titers indicative of recent infec- 
tion. 

A live virus vaccinet became available 
at this time. Regulations were instituted 
to control the arrival of infected game 
birds. All adult birds to be imported were 
required to be vaccinated with live virus 
vaccine by a veterinarian forty-five days 
prior to shipment to Hawaii. 

On Jan. 13, 1949, an acute outbreak of 
ND occurred at a broiler plant in chicks 4 
weeks old. This break was the only active 
case recorded since the first outbreak al- 
most two years previously. Newcastle dis- 
ease virus was isolated at this laboratory 
from the birds in the respiratory phase, and 

*Physical removal of droppings and other debris 
followed by a 2 per cent lye wash of the pens. 

**Gradual sale of recovered infected birds (as 
practical) and no purchases of new chicks until 
two months has elapsed from the time the last birds 


recover from the respiratory phase of the disease. 
tDuck embryo—attenuated strain (Lederle). 
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HI tests were positive. The farm was quar- 
antined and birds of marketable age were 
slaughtered, eviscerated, and marketed. 
Live virus vaccination by a veterinarian 
was given the younger stock that were over 
4 weeks of age. The source of the infection 
was not determined. 

Another case of infection was detected 
in some 3-week-old chicks on the island of 
Hawaii on Feb. 9, 1949. Chicks from this 
shipment had been divided and sent to 
several different farms. Birds from the 
same shipment were negative to HI tests 
at the other poultry farms. Adult birds on 
the farm in question were negative. Since 
only a small number of chicks was involved, 
complete eradication was instituted. Other 
outbreaks of ND on the island of Hawaii 
have not been brought to our attention 
since that outbreak. 

Up to that time, no outbreaks had been 
recorded on Maui, Molokai, and Kauai is- 
lands. On March 18, 1949, an outbreak oc- 
curred on Maui in an isolated flock of 18,000 
birds, 10,000 of which were layers. The in- 
fection started in the adults. Newcastle dis- 
ease virus was isolated and numerous HI 
tests were positive. From the egg-laying 
record and HI tests, the date of infection 
was placed at approximately three weeks 
before it was called to our attention. At the 
request of the flock owner, live virus vac- 
cination was instituted on the layers and on 
all other birds from 4 weeks of age upward. 
An almost complete drop in egg production 
occurred eight days after vaccination of 
the layers, which is similar to the findings 
of Platt.1 The vaccinated birds returned to 
production earlier than the naturally in- 
fected birds. 

Another laying flock found on Maui was 
also positive to the HI test. The infection 
here appeared to have originated a month 
before the large outbreak; but we were 
unable to determine its origin since, from 
the history of lay, it evidently occurred at 
least two months before samples were re- 
ceived. 

The poultrymen and the veterinary dis- 
ease control authorities recognized the need 
for control procedure to prevent the spread 
of ND in the islands. 

In the Territory of Hawaii, chicks are 
brooded all year round. This situation pro- 
vides a constant source of susceptibles. On 
almost every poultry farm, there are housed, 
near birds of the correct age for this type 


of prophylaxis, baby chicks and laying birds 
that are unsuited for live virus vaccination. 


LITERATURE 


A review of the literature revealed two types 
of vaccine, live virus and inactivated virus. 
Beach’? reported that a formalin-inactived 
virus lessened the effect of ND on egg produc- 
tion in a group of pullets that just came into 
lay. He also demonstrated that this vaccine 
lowered the mortality in a virulent out- 
break. Brandly et al.* found that killed virus 
vaccine had value in controlling the effects of 
an ND outbreak. Coronel‘ recently reported 
considerable protection against the virulent 
NDV with a so-called adsorbate vaccine. Men- 
tion was made in that paper of the solid immu- 
nity conferred by the use of adsorbate vaccine 
followed by live virulent virus. Schoening and 
associates’ reported the practical protection of 
broilers by use of commercially prepared killed 
vaccine. They also demonstrated that the 
killed vaccine did not prevent the disease. 
Beaudette® has reviewed the literature on live 
virus vaccine, discussed the inherent dangers 
in its use, and suggested that for a period of 
three weeks birds inoculated with the live 
virus vaccine are a source of mild infection 
for the nonvaccinated birds on the premises. 


MATERIALS AND METHODS 


At a meeting of a local poultry association, 
one poultryman volunteered his flock of about 
18,000 birds for field experiments to test the 
relative merits of the two available vaccines. 
Newcastle disease had been diagnosed on this 
farm twenty months earlier. Of the birds that 
went through this outbreak, 772 were in lay 
at this time. All the birds were raised on 
wire floors. At 1 month of age, the chicks 
had been taken from screened brooder houses 
to outdoor pens that had wire floors and shed 
roofs. There they were housed in groups of 
50. Eventually, the birds were moved to sim- 
ilar houses holding about 150 birds each. There 
were some sunporch-type houses, all of which 
had hardware cloth floors. The health of the 
flock was good. Flies and ants were controlled 
by DDT spraying. 

An experiment was set up using commer- 
cially produced, adsorbate-type vaccine on 
birds under 4 weeks of age and on laying hens 
and pullets. After at least two weeks had 
elapsed, live virus vaccine was to be used on 
birds older than 4 weeks, including birds slight- 
ly below laying age. In addition, 2,263 1- 
month-old, adsorbate-vaccinated birds were to 
receive live virus vaccine three weeks atter 
vaccination with the adsorbate type. About 
500 laying hens were to receive adsorbate vac- 
cine with a period of two weeks intervening 
before live virus vaccine was to be admin- 
istered. 
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Hemagglutination-inhibition tests’ were to 
be performed at the start of the experiment on 
each group and at varying intervals during the 
trials. Chicks were checked for HI titers at 
about two months of age. 

Commercial ND vaccine, similar to the ad- 
sorbate vaccine used by Coronel, was inocu- 
lated into the thigh muscles of the birds using 
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Fig. I—Moving average percentage of egg produc- 
tion of vaccinated, old outbreak, and susceptible birds. 


a Cornwall automatic syringe. The dose for 
each bird under 2 weeks of age was 0.5 ce., 
and 1.0 cc. for all the older birds. Two sewing 
machine needles were used to inoculate com- 
mercial live virus vaccine into the web of the 
wing. 

RESULTS 

Only a temporary drop in egg produc- 
tion—attributed to handling the birds— 
was noticed as a result of injection of the 
killed vaccine. There was also a short period 
of lameness in all age groups, probably due 
to the hydraulic pressure of this volume of 
vaccine. No diagnostic HI titers occurred 
after eight days in samples taken at ran- 
dom. 

Newcastle disease suddenly appeared four 
days after vaccination in the last group of 
adsorbate-vaccinated hens. The remainder 
of the flock had at least fourteen days for 
immunity to develop before exposure to 
this infection. Newcastle disease virus was 
isolated in the respiratory phase from a 
vaccinated group that came down with the 


disease three weeks after formalinized virus 
vaccination. The HI titer of the birds from 
which virus was isolated was 1 : 20. Later, 
birds in this house exhibited a titer of 
L 20-1... 

The virus isolated in this outbreak was 
passed through three generations in eggs 
and then inoculated into 2 HI-negative, 60- 
day-old birds. The only symptoms noted 
were mild transitory respiratory rales on 
the fifth day and positive HI titers on the 
seventh day. This virus was a hemagglu- 
tinating strain. The virus Beach isolated 
from an outbreak on this farm two years 
ago was a nonhemagglutinating strain.t 
From these data, together with the initial 
negative HI titers of the birds in adjacent 
houses at the beginning of this experiment, 
it seems unlikely that this outbreak could 
have been transmitted through carriers 
from the first infection. 

The trend of egg production, as calcu- 
lated by the moving average per eight pens 
of comparable lay, for adsorbate-vaccinated 
and unvaccinated birds following infection 
is given in fig. 1. Also included in the graph 
is the moving average egg production of 
the birds from the first ND outbreak two 
years ago. All deviations were significant. 
Examination of the trend of lay of several 
pens illustrates the value of adsorbate vac- 
cine in an ND outbreak of this viral strain 
when infection occurred two to three weeks 
after vaccination. Egg production fluctuat- 
ed considerably from pen to pen during the 
infection in the vaccinated groups, although 
the egg lay in all instances of vaccinated 
birds was superior to the unvaccinated con- 
trols. The presence of infection on all sides 
of the birds of the previous outbreak did 
not alter their egg production beyond the 
normal seasonal variation. Infection was 
determined in the individual houses by ris- 
ing HI titers, clinical symptoms, and au- 
topsy findings. 

The formalinized vaccine-treated birds, 
3 weeks to 4 months old, were about 100 yd. 
distant from the infected layer group. On 
determining that they were HI-negative, 
they were inoculated with live virus vaccine 
as planned. 

In the formalinized vaccine group of 
birds below laying age, only moderate re- 

tThe modified metliod of Salk was 
mine hemagglutinin. (A Simplified Procedure for 
Titrating Hemagglutinating Capacity of Influenza 


Virus and the Corresponding Antibody J. Immunol., 
€1944): 87-98.) 
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spiratory rales could be detected. Mortality 
directly attributed to ND was very slight. 
The birds that received formalinized virus 
followed by live virus vaccine one month 
later exhibited almost no respiratory symp- 
toms. They did, however, exhibit rising HI 
titers. The older birds, which received only 
live virus, had a more marked and persist- 
ent respiratory involvement. 

The birds vaccinated at 4 days of age 
with formalinized vaccine did not pick up 
the infection until they left the brooder 
houses at about 1 month of age. A separate 
attendant cared for these baby chicks. Re- 
spiratory rales were noticed in these young 
birds after they had been in contact with 
infected birds for about one week. No at- 
tempt was made to prevent this infection. 
Only slight mortality occurred in 
this instance, which was not above usual 
for that age group. Only a very few birds 
developed nervous symptoms, but there 
were a number of culls. 

The birds vaccinated with 
virus at 9 days of age went through the 
outbreak with minor Postmortem 
examinations, of some of these young birds 
at 1 to 2 months of age showed a few 
caseated air sacs in the 4-day-old vaccinated 
groups. These birds did not have any other 
lesions of the common chick diseases.* Bac- 
teriologic culture and bowel scrapings were 
negative. 
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DISCUSSION 


Because Hawaii imports most of its com- 


mercial poultry stock as baby chicks, we 
had hoped to control the spread of ND by 
isolation of the few known infected flocks 
and the use of good veterinary disease con- 
trol measures. The history of ND during 
the past two and one-half years indicated 
that embargoes, as suggested by the poul- 
trymen, and isolation of the ND cases 
of common chick diseases is meant 
procedure of poultry which in- 
cludes: examination for gross lesions, culture of 
the liver on blood agar, random inoculation of 
pooled spleens into embryonated eggs, and ex- 


amination of the intestines for odcysts and other 
parasites or ova. 


absence 
standard autopsy 
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brought to our attention did not prevent the 
spread of the disease. 

Isolation of NDV from birds that had 
been vaccinated three weeks earlier with 
formalinized virus showed that the use of 
this vaccine will not prevent the spread of 
the disease. The killed vaccine seems to 
offer some protection in preventing serious 
egg-production losses. The vaccine also pre- 
vented losses in chicks when they were vac- 
cinated at 9 days and exposed to infection 
at 1 month of age. Birds vaccinated at 1 
day and 4 days of age and then exposed to 
ND at 1 month of age resulted in numerous 
culls, 


SUMMARY 


From the literature and our own data, it 
would appear that under our local condi- 
tions of poultry management there is justi- 
fication for the use of formalinized virus 
on laying hens in the initial stages of our 
vaccination program. Killed virus vaccina- 
tion of the layers may be followed two to 
three weeks later by live virus vaccination 
of birds from 5 weeks to 5 months of age. 
All birds less than 4 weeks of age should 
be kept in isolation until live virus vaccine 
is administered at about 5 weeks of age. If 
practical, chicks or eggs should be pur- 
chased from known immune flocks. 
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A Study of the Nature of Brucellosis in Chickens 


OSCAR FELSENFELD, M.D.; VIOLA MAE YOUNG, M.S.; ERNST LOEFFLER, M.D.; 
SACHIKO JANET ISHIHARA, B.S.; and WILLIAM F. SCHROEDER, D.V.M. 


Chicago, Illinois 


HUDDLESON AND EMMEL,! Emmel and Hud- 
dleson,? and Emmel*-* have shown that fowl 
infected with Brucella will harbor these or- 
ganisms for some time. In Brucella-infected 
chickens, these authors also observed def- 
inite pathologic lesions which, however, 
were not seen by McNutt and Purwin.® On 
the other hand, the latter writers confirmed 
the presence of specific agglutinins and Bru- 
cella bacteriemia in infected birds. 

The present study was undertaken to in- 
vestigate: (a) the relationship of bac- 
teriemia, serum agglutinins, and excretions 
of Brucella through the feces; (b) the sero- 
logic cross-reactions between Brucella, Vib- 
rio cholerae, Proteus OX 19, and Salmonella 
pullorum in chickens; and (c) the possible 
influence of bricellosis on pullorum disease 
and the agglutination reactions appearing 
therein. 

MATERIALS AND METHODS 

Two each of Brucella suis, Brucella abortus, 
and Brucella melitensis strains were received 
from Dr. I. Forest Huddleson of Michigan State 
College, East Lansing; one each of the species 
were isolated from human sources in this lab- 
oratory and confirmed by Dr. Huddleson. They 
were maintained in semisolid tryptose agar and 
transferred to tryptose broth for animal inocu- 
lation and antigen preparation. White Leg- 
horn chickens, 3 to 4 weeks old and free from 
pullorum disease, were used in the experi- 
ments. The parenteral or oral dose used to 
infect the birds was always 0.5 ml. of a 48- 
hour culture, standardized to contain about 
3 x 10° organisms per 1 ml. Phenolized anti- 
gens were used for the tube-agglutination tests 
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and Schroeder) ; and from the Department of Bac- 
teriology, School of Medicine, Loyola University 
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Dr. Paul B. Szanto, senior pathologist of Hektoen 
Institute, for finishing pathologic examinations 


which could not be terminated by the late Dr. Ernst 
Loeffler because of his sudden death. 


with Brucella. At weekly intervals, blood was 
drawn from the wing veins of the chickens for 
agglutination tests and for culture in tryptose 
broth. Droppings were collected daily dur- 
ing the first week, then once a week. Tryp- 
tose agar plates, with the addition of 25 units 
of bacitracin and 250 ug. of sulfadiazine to 
each 1 ml., proved sufficiently selective for the 
primary isolation of the Brucella strains em- 
ployed in these experiments. Later, however, 
this formula was changed to 10 units of cir- 
culin, 10 units of polymyxin D, 25 units of 
bacitracin, and 230 ug. of sulfadiazine per 1 
ml. of tryptose agar, which permitted the re- 
covery of Brucella practically in pure culture. 
The culture technique and the agglutination 
tests were carried out according to established 
methods. The semisolid tryptose agar was, 
however, prepared from ingredients, and con- 
tained 2 per cent tryptose and 0.5 per cent each 
of sodium chloride and agar. 

The V. cholerae strain employed in the ex- 
periments was of the Inaba type, isolated from 
the 1947 cholera outbreak in Egypt. The 
Proteus OX 19 strain was recovered several 
years ago from a human case of pyelitis. The 
S. pullorum strain was isolated from market 
poultry meat in Chicago. These organisms 
were maintained in semisolid tryptose agar. 
Merthiolate-preserved antigens were prepared 
from them for agglutination tests. The same 
S. pullorum strain was used to produce infec- 
tion in one series of the experiments. 

In the first experiment, groups of 12 chickens 
each were infected with nine Brucella strains, 
to establish the agglutinin responses, the dura- 
tion of the bacteriemia, and of the fecal excre- 
tion of Brucella. Each group was housed sep- 
arately. The second experiment was devised to 
study cross-reactions between Brucella and 
other organisms, as well as the time necessary 
for spontaneous oral infection. Four Bru- 
cella strains, causing high agglutinin titers 
in the serums of chickens, were selected. 
Groups of 6 artificially infected chickens were 
housed together with groups of 6 noninfected 
chickens. In the third experiment, three groups 
of 12 chickens were each infected with one rep- 
resentative Brucella strain, and all 36 were 
allowed to run together. Finally, in the fourth 
experiment, three groups of 6 chickens were in- 
fected with strains of Brucella and S. pul- 
lorum, and 12 chickens with S. pullorum only, 
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in order to study the effect of one infection on 
the other. 
RESULTS AND DISCUSSION 

Table 1 shows the results of the experi- 
ments in groups of chickens infected by the 
intramuscular route with three strains of 
each species of Brucella. There was a dis- 
tinct difference between the agglutination 
titers, duration of positive serologic tests, 
bacteriemia, and the presence of Brucella 
in the feces. With little regard to the spe- 
cies, more pathogenic strains caused higher 
and more persistent agglutination titers, 
more prolonged bacteriemia, and fecal excre- 
tion of Brucella. The serums of the chickens 
agglutinated antigens prepared not only 
from the homologous Brucella strain but 
also those prepared from organisms belong- 
ing to other genera. 

Not all chickens showed “takes.” About 
8 per cent of the injected birds did not de- 
velop an agglutination titer exceeding 
1: 100. Only about one half of the inocu- 
lated birds excreted Brucella in the feces, 
and less than one half had _ bacteriemia, 
proved by culture methods. 


to Intramus 


In birds showing takes, first the blood 
culture became negative (in 2 to 7 wk.), 
then Brucella ceased to be excreted in the 
feces (in 2.3 to 8 wk.), and finally the ag- 
glutination tests became negative (in 3.1 to 
8.1 wk.). Thus, the laboratory tests indi- 
cated the presence of infection for two to 
eight weeks. All birds which died showed 
the pathologic changes described.! 

Tables 2 and 3 record the outcome of the 
experiments with four Brucella strains, 
using the intraperitoneal route of infection. 
The results are grouped according to the 
first appearance of Brucella in the feces. 

Judging from fecal excretion, agglutina- 
tion tests, and bacteriemia, there were as 
many takes after intraperitoneal as after 
intramuscular injection. The maximal ag- 
glutination titers for the homologous Bru- 
cella strain did not differ significantly from 
those observed after intramuscular injec- 
tion. The serums of birds which agglu- 
tinated Brucella also agglutinated V. chol- 
erae, Proteus OX 19 and S. pullorum, in 
most cases in dilutions of 1:20 to 1:50. 
While serums of 19 chickens agglutinated 
Brucella, 17 also agglutinated V. cholerae 


TABLE I—Response of Young Chick 


lar Injection of Brucella Suis, Brucella Abortus, 


and Brucella Melitensis Cultures 


Species 
and 
strain Inj. 


No. birds 
Died Findings 
Brucella suis No. posit. 100 
Av. max. tit 

Duration wk. 


No. posit. 100 
Av. max. tit 
Duration wk 


No. posit. 100 
Av. max. tit 
Duration wk 


No. posit. 100 
Av. max. tit. 
Duration wk. 


Brucella abortus 
1 


No. posit. 100 
Av. max. tit 
Duration wk 


Br. abortus 
9 


No. posit. 100 
Av. max, tit 
Duration wk. 


Br. abortus 


No. posit. 100 
Av. max. tit. 
Duration wk. 


Brucella melitensis 
1 


No. posit. 100 
Av. max, tit. 
Duration wk. 


Br. melitensis 


No. posit. 100 
Av. max. tit 
Duration wk. 


Br. melitensis 
3 


Inj. = injected. Died = died before end of experiment. No. posit. 100 
agglutination titer was 1: 100 or higher; and number of birds with positive cultures. Av. max. 
Duration wk. = average duration in weeks. 


average maximum agglutination titer. 


Serum agglutinins against 
Br. Br. Br. meli- 
suis abortus tensis 


Fecal 
culture 


Blood 
culture 


11.0 8.0 
1150.0 755.0 
8.1 5.5 


12.0 
1185.0 
10.0 
360.0 
3.1 


9.0 
835.0 
4.9 


8.0 
520.0 
4.5 


10.0 
280.0 
4.6 


10.0 
935.0 


4.2 


9.0 
455.0 
3.4 


10.0 
405.0 
2.9 
number of birds in which 
= 


* 
8.0 6.0 7.0 
| 
6.9 6.6 7.6 i 
Br. suis 10.0 7.0 8.0 
5.1 6.8 2.9 3.8 : 
Br. suis 8.0 £.0 6.0 5.0 | 
3 12 0 295.0 280.0 | 
2.8 2.5 2.3 3.3 | 
12 4 || 1045.0 765.0 | 
7.4 6.6 4.5 3.3 
9 12 2 a 625.0 530.0 
4.6 4.6 3.2 3.7 
Fe 12.0 10.0 3.0 5.0 
1.5 4.1 2.3 2.8 
11.0 12.0 6.0 8.0 
= 4.0 4.5 3.3 3.8 
TY 8.0 10.0 7.0 7.0 
3.1 3.3 2.3 3.0 
\ \ 
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and 14 each Proteus OX 19 and S. pullorum. 
Reactions with S. pullorum antigen per- 
sisted for the longest time (as long as 9 
wk.), even after the disappearance of ag- 
glutinins for Brucella. Agglutinins for the 
other two organisms ceased to be present in 
a significant level at about the same time 
or before those for Brucella. 

Of the 24 noninfected chickens which 
were housed with intraperitoneally injected 
chickens, 15 became infected with Brucella. 
Their agglutination response was poorer 
but followed the same general pattern as 
in artificially infected chickens. 

Table 3 shows results of similar experi- 
ments with chickens artificially infected 
with Brucella strains by oral feeding and 
housed with noninfected birds. The agglu- 
tinin response was lesser than in paren- 
terally infected chickens. Of the 24 chickens 
fed cultures, 19 excreted Brucella in their 
feces for one to four and one-third weeks. 
Heterologous cross-agglutinins were again 
present for periods paralleling the ho- 
mologous agglutination titers. 

Of the 24 chickens which were housed 
with Brucella-fed birds, 17 became infected 
and showed laboratory findings consistent 
with oral infection. 

Table 4 shows the results of the experi- 
ment in which groups of 12 chickens each 
were infected intraperitoneally with three 
strains of Brucella and all housed together. 
On weekly blood, culture, 11 cross-infec- 
tions were observed by typing a large num- 
ber of colonies from tryptose agar, plated 
from the primary blood culture in tryptose 
broth. All birds infected with two Brucella 
species died within five weeks and showed 


the pathologic changes described.! With the 
exception of 1 chicken, all birds showing 
double infection developed high agglutina- 
tion titers. 

The data in table 5 demonstrate the 
enhanced agglutinin responses in chickens 
infected with both Brucella and S. pul- 
lorum. All birds infected with two mi- 
crobes died within six weeks. 

During the entire experiment, all chickens 
which were infected with Brucella and 
showed agglutinin responses but did not die 
were killed ten to twelve weeks after infec- 
tion, and the organs examined macroscopi- 
cally and microscopically. The only perti- 
nent pathologic lesions found in these 
chickens were mononuclear cell infiltrations 
of the heart muscle and of the pericardium. 
The degree of infiltration varied greatly 
from one chicken to the other. 

Infection was thus induced in young 
chickens by intramuscular and intravenous 
injections, as well as by feeding of the three 
species of Brucella. There was a rising 
homologous agglutinin titer in the serums 
of the majority of the birds, accompanied 
with cross-agglutinations to a low titer with 
V. cholerae, Proteus OX 19, and S. pullorum. 
Serologic cross-reactions have been fre- 
quently observed and described by others 
in man and hogs but not in fowl, in which 
a positive pullorum test is of great signifi- 
cance. 

Strains causing rapid rise of agglutinins 
showed a higher titer for the homologous 
than for the related Brucella species. Thus, 
one may hope that chickens and other birds 
may be used for the preparation of agglu- 
tinating serums, in preference to standardly 


TABLE 4—Agglutinin Responses in Chickens Intraperitoneally Injected with One and Orally Infected 
with a Second Strain of Brucella 


Week of experiment 


Intra- 
ral 
infec- 
tion 


peri- 
toneal 
inj. 


Brucella 
Brucella 

| abortus 

| melitensis | 
Brucella 


| Brucella 


melitensis | 
Brucella 
abortus 


Brucella 
abortus 
Brucella 
Brucella 
suis 
Brucella 
melitensis 
Brucella 
abortus 
Brucella 
melitensis 


suis 


abortus 
melitensis 
melitensis 
suis 
suis 
suis 
suis 
suis 
suis 
abortus 
abortus 


suis 
suis 
suis 
abortus 
abortus 
melitensis 
melitensis 
melitensis 
melitensis 
melitensis 
melitensis 


400° 
800 


> 
> 
> 
> 


> 
Ss S 
So 
+ + + | Brucella 


3 


1200 
1600 
1000 


* — week when blood culture became positive for the second Brucella strain. -+- 


chicken died. 


52 
| 
j 
| 
a 
| 2 3 4 
800 600 600 1200* 1200 1000 
200 0 200 800* 200 1600 + 
0 0 100 1000* 600 1200 1600 

400 600 400 1200* 1400 1000 

800° 400 800 800 600 800 600 

1200* 600 1000 1200 800 1600 + 

200 600 800 1600* 1200 1600 

800 1000 1600 1800* 1600 1800 + 

0 0 400 1200* 1200 1600 1600 1600 + 
200 600 1000 1000 1400 1000 1400 + 
600 1200 1000 61000 1800 1400 1800 1200* 2000 2000 
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used rabbits, in which the serums seldom 
become species-specific. 

The duration of the elevated agglutinin 
titers in the infected chickens depended on 
the strain and on the route of infection. 
While exact quantitative evaluations are 
not shown in the tables, one may state that 
individual birds which contracted brucello- 
sis while running with infected pen mates 
developed lower agglutinin titers than those 
which received large doses of Brucella cul- 
tures per os. (See tables 2 and 3.) 

The evaluation of the results of fecal and 
blood cultures is difficult, because of the 
meager means at the disposal of the labora- 
tory today for the recovery of Brucella 
from feces and from the circulatory sys- 
tem. There is little doubt that if Brucella 
were not such fastidious organisms they 
could have been recovered from a greater 
number of the infected animals which 
showed significant agglutinin responses. It 
is, however, evident that Brucella, when in- 
jected into or fed to birds, will appear in 
the blood and in the droppings in a great 
number of those infected within the first 
two weeks after exposure. When the peak 
of the disease has passed, first the blood cul- 
tures become negative, then the feces, and 
lastly the agglutinating antibodies drop 
below a significant titer. Cross-reactions 
in agglutination tests with V. cholerae and 
Proteus OX 19 cease after the serum fails 
to react in dilutions greater than 1 : 100 
with Brucella antigens. The birds, how- 
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ever, may remain pullorum-positive for 
some time after laboratory signs of brucel- 
losis have disappeared. 

The mortality of the chickens infected 
with Brucella was considerable, especially 
after the injection of Br. melitensis strains. 
Table 1, however, shows such a variability 
of the mortality, according to strains in the 
groups infected with Br. suis and Br. abor- 
tus, that a statement to the effect of a gen- 
erally higher pathogenicity of Br. meliten- 
sis is open to question. Such a theory could 
be supported by experience in man and by 
the data in table 4, which shows that at 
least twice as many birds that were in- 
fected with Br. melitensis also became in- 
fected with a second Brucella species on 
exposure. This could be explained by the 
lowering of the general resistance to a 
greater degree than in infections with other 
Brucella species. Similarly, the data in 
table 5 reveal the early death of chickens 
infected with Br. melitensis. The mortality, 
however, was high in all birds infected with 
two species. This holds true not only for 
chickens infected with two Brucella species 
or with one Brucella strain and S. pullorum, 
but also for coccidiosis. In one experiment, 
which is not recorded in this paper, 24 coc- 
cidiosis-infected chickens were injected 
with Brucella, intraperitoneally. All died 
within two weeks, while 6 out of 12 coc- 
cidiosis-infected, control chickens which did 
not receive Brucella survived for six weeks, 
after which they were killed. Thus, one 


TABLE 5—Survival Time and Agglutinin Response of Chickens Simultaneously Infected with Brucella 
and Salmonella Pullorum by the Oral Route 


Species __No. birds 
and 


strains 


Sur- 
Inf. Died vived Wk. Brucella* 


__Average maximum agglutinin titer against 
Vibrio Proteus Salmonella 
cholerae OoxX 19 pullorum 


Brucella suis 1 + 6 5 


Salmonella pullorum 1 


Brucella abortus 1 + 6 


8S. pullorum 


Brucella melitensis 1 + 
S. pullorum 


Br. suis 1 


tt 


Br. abortus 1 


Br. melitensis 1 


S. pullorum 


5 
4 10% 


1250 
400 
1130 
1050 
100 


1270 
50 


250 125 
50 00 
133 


200 
20 


190 
50 


125 
0 


600 
525 


Inf. = infected. 


Wk. = for weeks. * = homologous strain. 


# = killed and autopsied. 


| 
3 
10# 
3 
25 150 
1 |_| 20 100 
6 5 90 130 
— 20 20 
6 1 80 40 25 
5 |_| 40 30 30 
Pe 6 2 500 40 40 20 
4 | 325 20 30 20 
Pe 6 3 770 30 45 20 
1 800 40 20 20 
2 a 50 0 0 10 
fF 12 2 50 20 20 76 
5 60 30 20 15 
1 50 50 50 80 
10 10 0 30 
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may conclude that brucellosis in chickens is 
more severe in the presence of a primary or 
secondary infection. 

The epizootiologic implications of the re- 
sults of these experiments are significant. 
Chickens not infected with Brucella but 
housed with infected birds did not contract 
brucellosis when kept in cages, over a wire 
mesh. This allowed droppings to fall into a 
container placed below the wire, so that 
they were not picked up during feeding. 
Brucella, however, appeared in the blood 
and in the feces of noninfected chickens 
which were kept together, in a pen on the 
ground, with chickens orally or parenterally 
infected with this organism. Thus, Bru- 
cella infection was transmitted to normal 
chickens by feces from infected chickens. 
One may suppose that normal chickens 
which associate with Brucella-infected ones 
in the yard or on the farm can also contract 
infection and propagate it in the flock or 
transfer it to other animals, such as hogs. 
Due to the frequent lack of clinical symp- 
toms in birds infected with Brucella and 
the possibility that the death of some birds 
in a flock may be misinterpreted as pul- 
lorum disease, because of the serologic 
cross-reactions with pullorum antigens, the 
true cause of some diseases in poultry may 
be obscured. 

One should also keep in mind the possi- 
bility of human infection by eating Bru- 
cella-infected poultry meat. The meager 
pathologic signs make it difficult, or even 
impossible, to detect all infected chickens 
during food inspection. As it is equally im- 
possible to control the preparation of food 
in homes, only proper supervision and 
housing of animals and birds before slaugh- 
ter can eliminate this danger. 


SUMMARY 


Experiments carried out on 3- to 4-week 
old chickens showed that intramuscular and 
intraperitoneal injections, as well as feed- 
ing of Brucella, caused bacteriemia, fecal 
excretion of organisms, and the appear- 
ance of significant serum agglutinin titers. 
Cross-reactions with Vibrio cholerae, Pro- 
teus OX 19, and Salmonella pullorum an- 
tigens were also observed, the latter per- 
sisting longer than the agglutinins for 
Brucella. The quantitative response de- 
pended more on the infective strain than on 
the species of Brucella. There was obtained, 
however, some evidence of a greater path- 
ogenicity of Brucella melitensis strains. 
The mortality was higher in birds infected 
with two Brucella species and in chickens 
having simultaneously either pullorum dis- 
ease or coccidiosis. 

The epizoétiologic and epidemiologic im- 
plications of brucellosis in chickens are dis- 
cussed, with special regard to the presence 
of positive pullorum tests, transmission 
through fecal material to other birds and 
animals, and human infection by consump- 
tion of meat of Brucella-infected birds. 
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Morphologic Observations by Electron Microscopy of the 
Monkey-Adapted Newcastle Disease Virus After 
Culture in Chicken Embryos 


REGINALD L. REAGAN and A. L. BRUECKNER, V.M.D. 


College Park, Maryland 


ELECTRON MICROSCOPE studies were conduct- 
ed to determine the morphology of the New- 
castle disease virus (NDV) after intra- 
cerebral passage in Macaca rhesus monkeys. 
Electron micrographs of purified egg- 
adapted NDV, suspended in 0.07 to 0.15 M. 
sodium chloride by Bang!:? and Cunha et 
al.,*> showed a predominance of tailed forms. 
Spermlike forms were also found in egg- 
adapted strains using physiologic saline so- 
lutions by Reagan et al.4 These tailed forms 
were also found in hamster-adapted and 
mouse-adapted NDV after culture in 10- or 
11-day embryonated eggs.” In this study, 
monkey-passaged NDV was examined to 
determine whether these tail-like forms 
were also present. 


EXPERIMENTAL 


A 10 per cent suspension of virus-bearing 
brains from the 310th hamster passage of 
NDV (California 11914) was inoculated into 
the right frontal lobe of each of 2, 7-lb WV. 
rhesus monkeys. Within four to nine days, 
the monkeys showed typical Newcastle disease 
(avian pneumoencephalitis) symptoms: irrita- 
bility and malaise followed by rhythmic con- 
tractions of muscles starting in the limbs and 
spreading over the entire body, paralysis of ex- 
tremities, excessive salivation from pharyngeal 
paralysis, prostration, and death. No monkey 
temperatures were taken in this experiment. 
When nervous symptoms developed in a mon- 
key, the brain was removed aseptically, chopped 
with scissors, ground with alundum in a large 
mortar, and diluted to a 10 per cent suspen- 
sion with physiologic saline. This virus-bearing 
suspension was then injected intracerebrally 
into each of 3 normal monkeys as described 
above. When 1 monkey of this second passage 
showed typical Newcastle disease symptoms 
eight days after intracerebral inoculation, it 
was sacrificed and the same procedure carried 
out in making a 10 per cent bruin suspension. 
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versity of Maryland, College Park. 
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The virus contained in this material was cul- 
tivated through seven serial subinoculations in 
embryonated 9- or 10-day chicken eggs. The 
eggs were inoculated in the allantoic sac, and 
the allantoic fluid was used for egg passage. 
In the first subculture, 1 out of 8 eggs died on 
the third day. The other 7 eggs remained 
viable and were discarded after a seven-day 
period of observation. In the second and suc- 
ceeding serial subcultures, 100 per cent of the 
inoculated eggs died within seventy-two hours. 
Although studies by electron microscopy were 
conducted with allantoic fluid from each 
of the first six passages, no satisfactory re- 
sults were obtained. Only a few virus par- 
ticles were seen in each field. 

A pool of the infected allantoic fluids from 
the eggs of the seventh subculture was pre- 
pared. The presence of the virus in this mate- 
rial was demonstrated by its neutralization by 
hyperimmune Newcastle disease antiserum. A 
serum-neutralization test was conducted as 
described by the Bureau of Animal Industry.* 
The results are given in table 1. 

Sixty cubic centimeters of the pooled allan- 
toic fluid was centrifuged in a horizontal cen- 
trifuge for five minutes at 1,000 r.p.m. followed 
by two hours at 44,620 r.p.m. in a Spinco 
ultracentrifuge. The latter rate was chosen 
as a satisfactory speed for virus concentration 
with a minimum of damage to particles. There 
was less than a 1-degree change in the tem- 
perature of the refrigerated outer jacket. The 
sediment was resuspended with 3 per cent sa- 
line, placed on parlodion-prepared screens, 
shadowed with chromium at are tangent \, 


TABLE |—Serum-Neutralization Test of Allantoic Fluid 
(Seventh Culture) 


Dilutions 
10-' 10-2 10-4 10-5 
Virus containing 
allantoic fluid 
(7th subculture) 


Virus and nega- 
tive chicken 
serums 


Virus and posi- 
tive chicken 
serums /3 d 3 

Numerator of fraction denotes number of deaths; 
denominator of fraction denotes number of eggs 
inoculated 
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Fig. I—A typical Newcastle disease virus particle. 
Magnification x 83,000, shadowed with chromium at 
arc tangent 


Fig. 2—Field showing several Newcastle disease virus 
particles. Magnification x 30,000. 


Fig. 3—Two filamentous Newcastle disease virus parti- 
cles which are joined together. Magnification x 56,000. 
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and examined under the RCA type EMU elec- 
tron microscope. 

Various fields chosen for examination showed 
virus particles with uniform tail-like struc- 


Fig. 4—Shows a Newcastle disease virus particle at 
two different magnifications. Upper x 54,000, lower 
x 66,000. Shadowed with chromium at arc tangent '/s. 
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tures. Figure 1 shows a typical tailed form 
associated with NDV. Figure 2 shows a field 
containing several virus particles, some of 
which are spermlike while others are spherical. 
It will be noted that several particles appear 
to have two heads connected by a filament or 
tail of varying thickness. Figure 3 shows a 
filamentous form of two NDV particles which 
are joined together, suggesting from the 
photograph that the virus may divide between 
the two headlike forms to form two new virus 
particles. The division of a particle, as shown 
in fig. 3, would produce a double-tailed struc- 
ture similar to that in fig. 4. Figure 4 shows 
two magnifications of a virus particle with 
two tail-like structures. However, it is possible 
that fig. 4 shows two virus particles, one super- 
imposed upon the other so that the head of one 
is hidden by that of the other. 


SUMMARY 


Monkey-passaged Newcastle disease virus 
(NDV) from the second subinoculation in 
monkeys by the intracerebral route of inocu- 
lation becomes 100 per cent pathogenic for 
embryonating chicken eggs on the second 
embryo passage. The virus in the allantoic 
fluid of eggs inoculated with this monkey 
brain material was neutralized by positive 
Newcastle disease serums but was not 


affected by normal chicken serums. 

Electron micrographs of material from 
the seventh egg passage of this NDV, con- 
centrated by centrifugation, reveal various 
tail-like forms, as shown in the figures. 
These photographs suggest that the virus 
particles are dividing. 
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The Economic Import of Host Resistance to Helminth 
Infection 


A. C. TODD, Ph.D., and M. F. HANSEN, Ph.D. 


Lexington, Kentucky 


CONTEMPORARY CRITERIA employed to dem- 
onstrate resistance on the part of vertebrate 
hosts to their helminths perhaps are largely 
derived from studies on natural resistance 
of chickens to Ascaridia galli (Schrank, 
1788). The standard of greatest host re- 
sistance has been that series of reactions 
which most restricts percentage develop- 
ment and size (in terms of length) of the 
parasite following controlled exposure. A 
secondary criterion has developed in studies 
on acquired immunity to helminths, where- 
in rate of egg production by worms from 
challenge exposure is compared with rate of 
egg production by worms from sensitizing 
exposure. These latter comparisons are 
made on the basis of relative degrees of in- 
fection and not on the basis of exposed 
versus nonexposed hosts. 

In modern agriculture, which is intensive, 
animals are maintained under artificial con- 
ditions in considerable concentrations. The 
main objective is maximum, efficient pro- 
duction. That objective is successfully ob- 
tained only when animals achieve the op- 
timum degree of market finish at the 
youngest possible age, and with the least 
amount of feed consumed. If a given animal 
requires a longer period to obtain market 
finish, it consumes more feed and reduces 
or eliminates the farmer’s profit. Helminths 
of domestic animals cause greater losses by 
retardation of growth rates than they do by 
inducing clinical levels of infection. In do- 
mestic animals, growth can be defined as 
the production of beef steaks, pork chops, 
milk, eggs, etc., that is, as weight gained 
and not as “developmental biosynthesis.”! 

It would appear, therefore, that agricul- 
tural parasitologists should practice re- 
search where maximum, efficient production 
was the main objective. Resistance of do- 
mestic animals to helminth infection would 


The investigation reported in this paper Is in 
connection with a project of the Kentucky Agricul- 
tural Experiment Station and is published by per 
mission of the director. 

From the Department of Animal Pathology, 
cultural Experiment Station, Lexington. 
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be defined in terms of host ability to gain 
weight properly and not in terms of effects 
of, or on, the parasites. It would also be 
necessary to recognize that universal ex- 
posure to infection undoubtedly occurs and 
that the infected—rather than the unin- 
fected—animal is the norm. Under natural 
conditions, there exist only relative degrees 
of infection. 

This last observation should be coupled 
with the obvious conclusion that the pres- 
ence of mature parasitic worms in a host 
is not prima-facie evidence of clinical hel- 
minthiasis. An increasing body of evidence 
in present agricultural parasitology indi- 
cates, at least in certain roundworm infec- 
tions in domestic animals, that greatest host 
injury is derived from activity of immature 
stages of the parasites. A host’s ability to 
gain weight properly is challenged at least 
three times as the result of exposure to hel- 
minth infection, viz., at exposure, during 
the time the immature stages are establish- 
ing themselves, and after maturity of the 
parasites. Working with the cattle hook- 
worm, Bunostomum phlebotomum, Mayhew? 
found severity of symptoms after exposure 
to be in inverse ratio to egg production. 
Calves which achieved more consistent 
weight gains were found, in general, to 
have relatively higher egg counts, and had 
exhibited less severe or no symptoms of in- 
fection following exposure. Severe symp- 
tomatology and lowered weight gains in 
other calves were found to coincide with 
the period when the immature stages were 
establishing themselves within their host. 
From a standpoint of efficient production, 
those animals with higher egg counts, i.e., 
with apparent greater numbers of mature 
worms, had exhibited greater resistance 
(tolerance) to the effects of infection. 

The effect of A. galli upon its chicken 
host apparently is similar to the effect of 
the cattle hookworm upon its host, in that 
the host’s ability to gain weight is most 
severely challenged during the period when 
the larval forms are establishing them- 
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selves. The present paper contains data ob- 
tained from an experiment involving 566 
New Hampshire chicks in which progres- 
sively greater weight gains were found to 
accompany progressive increases in num- 
bers of A. galli present at postmortem. 
These findings are considered to illustrate 
host-parasite reactions in the interval when 
the immature stages are establishing them- 
selves, and at the same time to illustrate a 
host-parasite adjustment which occurs un- 
der natural conditions. 


METHODS 


The New Hampshire chicks used in this 
experiment were received as day-old birds 
from the Poultry Department of the Kentucky 
Agricultural Experiment Station. These 
chicks could be termed line-bred and yet pos- 
sessed only a moderate amount of inbreeding. 
In distinction to standard-bred chicks, which 
are the type ordinarily obtainable from com- 
mercial hatcheries, line-bred chicks are, in 
general, not considered capable of as much 
variation because of their more uniform 
heredity. 

The birds were individually wing-banded at 
1 day of age, and at 2 days of age were vac- 
cinated against Newcastle disease by intra- 
nasal instillation of 0.05 ml. of undiluted 
amnioallantoic fluid virus of low pathogen- 
icity. They were brooded and maintained 
throughout the experiment in electric battery 
brooders. The feed was a commercial starting 
and growing ration. All birds were weighed 
at weekly intervals from 1 week of age until 
the termination of the experiment. Approxi- 
mately 60, day-old chicks were started each 
week for eleven successive weeks. 

At 2 weeks of age, each bird was directly ex- 
posed to 50+ infective eggs of A. galli by 
means of a pipette inserted into its esophagus. 
In each weekly run, all birds were given eggs 
of the same age and from the same culture. 
Three weeks after exposure, the birds were 
killed and examined for specimens of A. galli. 
Worms recovered were counted, and then 
fixed and preserved in AFA, a mixture of al- 
cohol, formalin, and glacial acetic acid. Their 
individual lengths were measured and recorded 
in millimeters; measuring was accomplished 
by projecting the worm images (enlarged four 
diameters) upon a ground glass screen. The 
measurements were obtained directly from the 
projected images. 


EXPERIMENTAL RESULTS 
Data related to the amount of weight 
gain achieved by individual chicks in the 
three-week test period are contained in table 
1, together with data on numbers and 
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lengths of worms recovered at postmortem. 

Of 566 chicks exposed to infection, a total 
of 120 did not contain specimens of A. galli 
at postmortem. These chicks showed a 
range of weight gain of 87 to 332 (ave. 
214.05) Gm. Sixty-six chicks were each 
found to have 1 specimen of A. galli; their 
individual weight gains ranged from 101 to 
356 (ave. 216.50) Gm. Forty-three chicks 
carrying 2 worms each had a range of in- 
dividual gain of 93 to 334 (ave. 220.00) Gm. 
Birds carrying 3 worms averaged a 226.28- 
Gm. gain, while those carrying 4 or 5 worms 
averaged 231.95- and 234.95-Gm. gains, re- 
spectively. 


The progression of increased weight 


gains correlated with numbers of worms 
present proceeded without great variation 


TABLE I—Weight Gains of Chicks and Measurements 
of Worms Arranged in Order of Numbers of Worms 
Recovered 


No. No. meacurements 
worms birds 
recovered in Range Mean 
(mm) (mm) 


Weight gains 


anr 


\ 
\ 
4 
| 
15.29 
16,87 
18.41 
| 18.93 
19.08 | 
20.44 é 
21.72 
i 20.65 q 
50 21.79 
10 9 157-279 233.49 4. 75-49, 50 21.04 
11 1l 199-331 251.81 11.50-35.75 23.69 
12 112-284 234.50 4.25-33.20 20.60 8 
135 207-292 245.09 11.00-33.00 
14 86-270 204,00 5, 7532.43 
15 141-378 261.10 4.50-36.50 
16 179-302 246.20 8, 75-34, 50 
17 118-317 215.50  10,00-34,00 
18 137-242 186.66 17,25-36.50 
19 156-257 210.83  6,25-36.92 
20 217-312 260.10  6,00-36,42 
21 60-296 207.37 11.03-31.50 
| 22 198-268 232.66 3,80-37,75 
23 203-295 250.80 5.75-35.50 
24 204-329 247.33 9.00-32.50 
25 198-271 219.83 8,00-33,75 
26 151-255 204.33 10,75-30.50 
27 257-330 293.50 12,00-32,25 
28 204-296 243.33 11.00-32.50 
29 186-246 225.40 9.50-35.75 } 
30 187-225 206.00 13.75=38,25 
31 215-346 254.16 15,50-36.75 
32 190.00 20,50-29.50 25.20 
33 133-255 189,80 8.50=38.00 22.76 
34 190-281 243.60 10,40-37.75 25.59 
35 278-311 294.50 15,15-37.04 26.44 
36 ooo 190,00  20,00-37.25 29.11 
37 205-338 262.50 14,75=34,16 23.50 
38 142-281 232.33 13,25-35,25 27,01 
39 190-292 241.00 11,80-33,00 22.62 
40 221-270 247,20 13,25-35.50 27.19 
42 203-252 227.50  15.00-34,50 26.81 
43 234-292 263.00 18,75-40,62 30.13 
44 140-223 181.50 9.50-32,00 22.80 
45 --- 260.00 12,50-26,50 20.83 
46 249.00  18,80-32,00 25.59 
47 216-299 257.50 10,25-31.25 22.32 
48 pote 316,00 22,00-41.25 33.41 
49 --- 241.00 11.75-24,00 17.57 
51 --- 302.00 22,80-33.50 26.55 
53 --- 179.00 9.75=28.75 20,44 
54 182-207 194.50 15,00-37.50 26.65 
56 243-249 246,00 12.50-39.75 29,55 
57 woo 248,00 11.80-40,00 29.61 
60 --- 206.00 8.50-26.00 19.83 
62 242.00 18.60-39.00 30.47 
64 231-251 241.00 5.25-55.25 25.06 
193,00 19,00-49,25 34,56 
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to groupings of as many as 15 worms. These 
data clearly form a linear progression and 
were found to have a coefficient of regres- 
sion of 1.97 Gm.* When tested for sig- 
nificance by means of an analysis of vari- 
ance, the coefficient of regression yielded an 
F ratio of 12.16, which is highly significant. 
It is not necessary to note here, perhaps, 
that variations due to sampling may exist 
without altering the positive nature of an 
observed progression. Actually, the pro- 
gression was found to continue through the 
last recorded worm grouping of 74 worms; 
the coefficient of regression of the entire 
~ *The authors express their appreciation to Dr 


Dana Card for selection of methods of statistical 
presentation and aid in their analysis. 
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series was found to be 0.43 Gm. When sub- 
mitted to the same analysis of variance, 
this latter coefficient of regression yielded 
an F ratio of 8.66, which is also highly sig- 
nificant. The coefficient of regression of 
weight gains of chicks with worm group- 
ings of 16 to 74 was found to be 0.20 Gm. 
and was not significant. It can be noted 
that variation in these groupings due to 
size of samples became greater. 

Of the 566 chicks exposed to 50+ infec- 
tive A. galli eggs, only 12 were found carry- 
ing more than 50 worms. The range of 
worm numbers recovered was 0 to 74; the 
mean number of worms recovered from 566 
exposed chicks was 10.4. The mean number 
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WORMS RECOVERED AT POSTMORTEM 


Fig. I—Regression of mean weight gains on number 
of worms recovered at postmortem three weeks after 


exposure. The linear regression line is accompanied 


by a smoothed curve based on moving averages. 
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of A. galli present in these experimental 
chicks compares very closely to the figure 
of 10.0 worms occurring in naturally in- 
fected chickens in Kansas,* but exceeds the 
mean number of 6.2 reported from examina- 
tion of 1,014 naturally infected chickens in 
Tennessee.* 

A total of 5,181 whole worms were avail- 
able and were measured after postmortem 
examination of the 566 exposed chicks. Of 
these chicks, 446 had A. galli present. When 
the lengths of worms were arranged in or- 
der of numbers of worms recovered (table 
1), another progression became evident. 
Sixty whole worms from the 66 chicks 
carrying 1 worm each had an average length 
of 15.29 mm. The 75 whole worms measured 
from birds carrying 2 worms each averaged 
16.87 mm. long. Eighty-one worms from 
birds with 3 worms averaged 18.41 mm. 
Worms from birds carrying 4, 5, or 6 worms 
at postmortem averaged 18.93, 19.08, and 
20.44 mm. long, respectively. 

The progression of increased worm 
lengths correlated with increased numbers 


of worms present was also found to con- 
stitute a valid linear regression. The co- 
efficient of regression was determined to be 
0.184 mm. and, when tested for significance 
by means of an analysis of variance, a high- 
ly significant F ratio of 835.7 was obtained. 
A graphic presentation of the data on 
weight gains and worm lengths is given in 
fig. 1 and 2. 


DISCUSSION 


The comparisons made in the present 
paper are based on relative degrees of para- 
sitism recorded from numbers of worms re- 
covered at postmortem. The material is not 
concerned with a comparison of nonexposed 
and exposed chickens; in other words, a 
study is being made of host-parasite re- 
actions. The mean number of 10.4 worms 
present in all exposed birds is similar to 
numbers reported in over 2,000 chickens ex- 
amined in the field in Kansas and Tennessee 
(vide supra). 

A rather unusual effort was made to re- 
duce sources of variation inherent in ex- 
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WORMS RECOVERED AT POSTMORTEM 


Fig. 2—Regression of mean worm length on number of worms recovered at postmortem three weeks after 
exposure. 
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perimental chickens and in the test parasite, 
A, galli. The experimental chicks were 
hatched from eggs from a moderately in- 
bred flock of New Hampshire hens. This 
flock has been closed for approximately ten 
years. Further, each successive hatch of 
60 chicks came from eggs produced by the 
same individual hens which were trap- 
nested. The hens, moreover, were main- 
tained in individual laying batteries and 
had been artificially inseminated with pooled 
semen from selected roosters. The experi- 
ments were all performed in the same heated 
laboratory room. A given run of 60 chicks 
was maintained in the same battery and, 
when size required more than one deck of 
a battery, the chicks were allotted deck 
space by random choice. The same com- 
mercial starting and growing ration was 
used throughout the 11 successive studies 
comprised in the experiment. When ex- 
posures were made, the infective A. galli 


eggs employed were from the same culture 
and were; therefore, of the same age and 
apparent infectivity. 

These present data indicate that numbers 
of worms recovered at postmortem are not 
necessarily an adequate measure of the de- 
gree of helminthiasis in a given host. The 


data most strongly suggest that chickens 
infected by A. galli sustain greater injury 
from immature stages of the parasite, that 
is, during the period when the larvae are 
establishing themselves within their host. 
Weight losses directly related to the pe- 
riods of penetration of, and withdrawal 
from, the intestinal mucosa of chicks by 
immature A. galli have been demonstrated.* 
The symptomatology of the A. galli infec- 
tions in order of development is similar to 
that observed in sheep and cattle whose ag- 
gregate worm infections are comprised 
largely of parasite species which undergo 
only partial migration. Following natural 
exposure, these animals can exhibit scour- 
ing, loss of color and tone, edema, inap- 
petence, and failure to gain weight in a 
time interval sharply defined from the later 
period when adult worms produce eggs in 
numbers sufficient to obtain a definitive di- 
agnosis of infection. The situation is com- 
parable to one in human medicine when 
tentative diagnosis of Ascaris-precipitated 
pneumonia is confirmed only at a later in- 
terval when eggs are passed and the pneu- 
monic symptoms have subsided. 

These present experiments are not inter- 


preted by the authors to mean that the 
progression of increased weight gains cor- 
related with increased numbers of worms at 
postmortem would continue indefinitely. 
The small size of the samples in the higher 
worm groupings introduced a large element 
of sampling variation. The smoothed curve 
of the weight gains shown in fig. 1 shows 
a leveling off of weight gains with larger 
numbers of worms which, however, should 
not necessarily be considered as an indica- 
tion that the positive regression line would 
become negative if additional data were 
available. Increased numbers of mature 
worms in the lumen of the intestine might 
produce a toxic effect upon the host, al- 
though the more generally observed effect 
of massive numbers of ascarids has been 
occlusion of the intestine. These latter 
events would be characteristic of clinical 
ascariasis due to mature worms, which is 
rare under natural conditions and which 
certainly was not observed in these experi- 
ments. It should also be considered that the 
leveling off of weight gains could have re- 
sulted from attainment of the normal 
growth rate of New Hampshire chicks. Be- 
cause the statistical analysis of the present 
data found only a positive line of regres- 
sion, each of the above hypotheses can be 
assigned equal weight. 

The measurements of the specimens of 
A. galli recovered at postmortem are con- 
sidered by the writers to be a criterion of 
the amount of resistance to infection ex- 
erted by the individual chicks during the 
interval when the parasites were establish- 
ing themselves in their host. That host re- 
action which most restricted size and 
percentage development of the worms is 
considered the greatest level of resistance. 
Resistance here is, “resistance developed in 
the previous absence of helminthic anti- 
gens.”® The standards on which natural 
resistance rest have become so firmly estab- 
lished that further citation is hardly neces- 
sary. One illustration of natural host re- 
sistance directed against A. galli is given 
in a study on age resistance by Ackert, 
Porter, and Beach.* These authors demon- 
strated positive action on the part of the 
host (a restriction of worm size) and also 
illustrated the greatest danger helminths 
encounter, namely, an actual attack on their 
ability to reproduce when they have finally 
established themselves within their host. 
Host ability to restrict egg production by 
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its helminths by controlling their size is at 
least as logical as the conclusion reached 
by other authors that sheer numbers of 
worms present in an organ will restrict egg 
production, as a result of overcrowded con- 
ditions.*.* Each hypothesis would be better 
served by careful identification of para- 
sitism at clinical and nonclinical levels. 

In the present experiment, percentage 
development of the parasites and worm size 
obviously were most restricted in chicks 
carrying no or few worms at postmortem 
(table 1). Each of the 566 chicks had been 
exposed to 50+ infective A. galli eggs. 
Using the customary criteria of effects ex- 
erted on the helminth, therefore, the chicks 
with the fewest worms at postmortem had 
possessed the greatest levels of natural re- 
sistance. If the criterion of resistance were 
the production achieved by the host, an- 
other interpretation of these czta would be 
necessary. It is also obvious that employ- 
ment of energies to overcome infection, 
positive action directed against the para- 
sites by these 2- to 5-week-old chicks, less- 
ened their ability to achieve proper weight 
gains. 

In connection with efficient animal pro- 
duction, resistance to effects of parasites 
might well be defined as ability to reserve 
greater energy for growth in the presence 
of exposure to infection. In this experi- 
ment, some chicks achieved superior weight 
gains by allowing a progressively greater 
development of parasites and did not offer 
a high level of resistance. The writers sub- 
mit that, under natural conditions of uni- 
versal exposure and near universal, sub- 
clinical infection, the normal condition is 
host tolerance and not host resistance to 
infection. Resistance to infection is held in 
reserve. The more successful parasites do 
not provoke the high level of host resistance 
which results in an attack on their ability 
to reproduce. In paraphrase, they seek the 
most feathers with the fewest squawks. In 
the same vein, successful hosts do not exert 
their greatest levels of resistance if, by so 
doing, their own maturity is delayed. 

The present experiments seem to furnish 
at least a partial explanation for the really 
rather remarkable phenomena of universal 
exposure and normal subclinical infection 
of domestic animals. It is evident that 
direct action against parasites (resistance) 
results in inefficient weight gains. The more 
normal host-parasite relationship, and the 
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more desirable relationship from the stand- 
point of efficient production, is one of tol- 
erance. 

Finally, by definition, the host-parasite 
relationship presupposes host injury. May- 
hew’s” conclusion, that those hosts exposed 
to infection and which show fewest symp- 
toms of infection should be first treated, is 
supported by the data from these experi- 
ments. Carriers of helminth species which 
effect maximum host injury in the interval 
when they are establishing themselves 
should be first treated in order to effect a 
direct attack on the reservoir of infection 
and as a method of preventive treatment 
for other animals about to be exposed to 
infection. Such a method has been devel- 
oped for Thoroughbreds in Kentucky.’® 
Maximum efficient production by livestock 
should be based on prevention of exposure 
to infection and not upon treatment of in- 
dividual animals after they have sustained 
helminthic injury. 


SUMMARY 


In an experiment involving 566 New 
Hampshire chicks, each exposed to 50-+ in- 
fective eggs of Ascaridia galli, progres- 
sively greater weight gains and progres- 
sively greater worm lengths were found to 
accompany progressive increases in num- 
bers of worms present in the chicks three 
weeks after exposure. 

Coefficients of regression of 0.43-Gm. 
greater weight gain and 0.134-mm. greater 
worm length accompanied increased num- 
bers of worms present at postmortem. The 
series of worm groupings were from 0 to 74. 
When submitted to an analysis of variance, 
the two above coefficients of regression each 
were found to yield F ratios beyond the 1 
per cent level and were, therefore, highly 
significant. The data were used to illus- 
trate a thesis that energy employed by ani- 
mals resisting infection, measured by de- 
creased percentage development and size 
of the parasite, prevents maximum efficient 
weight gains. 
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